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1.2X10”  . However,  at  higher  concentrations,  miconazole  inhibits  enz3nne  re- 
lease but  does  not  inhibit  enzyme  activities  per  se.  The  effect  of  miconazole 
depends  on  the  drug/lysosome  ratio  and  is  Influenced  by  the  pH  of  the  incuba- 
tion media,  being  minimal  at  alkaline  pH.  Some  of  the  membrane  active  drugs 
have  been  compared  with  miconazole  for  their  lysosome-labllizing  action.  The 
effect  of  miconazole  on  the  lysosomal  membrane  is  confirmed  by  a decrease  in 
turbidity  of  the  lysosomal  suspension.  Thus,  these  studies  and  our  earlier 
work  on  the  mechanism  of  action  of  miconazole  clearly  reveal  that  the  drug 
Interacts  with  both  cellular  systems  and  subcellular  systems  and  impairs  their 
membrane  structure  and  function. 
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A.  INTRODUCTIOIJ 

Increasing  importance  is  now  being  given  to  the 
role  of  fungi  in  causing  various  systemic  and  super- 
ficial skin  disorders  in  humans.  Particularly  in 
countries  located  in  tropical  and  subtropical  regions 
of  the  world,  where  the  fungal  contamination  of  the 
atmosphere  and  soil  is  known  to  be  high,  the  possible 
health  hazards  due  to  fungi  have  to  be  considered 
seriously.  The  situation  is  further  accentuated  by 
the  widespread  use  of  broad  spectrum  antibiotics  and 
immunosuppressive  drugs  in  controlling  bacterial 
infections  and  other  disorders.  It  is  well  established 
that  some  fungi  considered  as  mer*e  contaminants  or 
saprophytes  can,  under  altered  physiological  condi- 
tions, be  the  causative  agents  for  diseases. 

A few  surveys  conducted  earlier jhave  clearly  shown 
that  mycotic  infections  are  fairly  common  in  India. 
Hence  the  importance  of  detailed  investigations  in  the 
area  of  fungal  infections  needs  to  be  hardly  stressed. 
The  research  project  entitled  'Human  Mycoses'  was 
started  in  September  1971  with  the  following 
objectives:  to  study  superficial  mycotic  infections 

and  their  causal  organisms;  to  examine  their  patho- 
genicity and  host-parasite  relationship,  sind  to  study 
the  mode  of  action  of  antifungal  drugs. 

The  results  achieved  during  the  programme  period 
(September  1971  - June  1977)  have  significantly  helped 
in  understanding  the  etiology  of  superficial  mycoses, 
their  pathogenicity  and  immune  responses  they  elicit 
in  host  animals.  Besides,  the  efficacy  of  miconazole, 
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a synthetic  antifungal  drug,  has  been  clinically 
evaluated  and  its  molecular  basis  of  action  elucidated. 

The  results  have  been  presented  in  Half-yearly 
reports  (six),  Annual  reports  (five)  and  Progress 
Report  Abstracts  (two).  This  report  wherein  the 
results  from  recent  work  and  a summary  of  the  earlier 
work  are  presented,  represents  the  final  technical 
report  of  the  programme. 
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Among  the  infective  diseases  of  man  and  animals 
the  diseases  due  to  fungi  are  widely  distributed 
throughout  the  world.  Superficial  mycotic  infections 
are  more  commonly  encountered  in  tropics  than  in 
temperate  parts  of  the  world.  The  tropical  climate 
of  India  is  supposed  to  influence  and  favour  the 
occurrence  and  maintenance  of  these  infections  in  the 
population.  The  superficial  mycotic  infections  are 
confined  to  the  skin  and  its  appendages  like  nail  and 
hair.  The  clinical  symptoms  are  highly  variable 
depending  on  the  individual  factors  and  the  etio- 
logical agents  involved. 

Studies  have  been  carried  out  to  examine  the  in- 
cidence of  dermatomy coses  and  to  isolate  and  identify 
the  etiological  agents.  The  studies  have  revealed 
that  these  infections  are  caused  both  by  dermatophytes 
and  species  of  Candida.  The  studies  on  pathogenicity 
of  species  of  Candida  in  experimental  animals  re- 
vealed the  pathogenic  ability  of  species  other  than 
G.  albicans  (pages,  5-25). 
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ABSTRACT 

India  being  a tropical  country,  most  of  its  parts  are  under  the  influence 
of  sustained  periods  of  combined  heat  and  humidity,  and  it  is  supposed  to 
have  high  incidence  of  mycotic  infections.  Studies  carried  out  in  different 
parts  of  the  country  on  the  incidence  of  dermatomycoses  and  their  causal 
organisms  have  rendered  varied  findings.  In  the  present  study  374  patients 
with  suspected  superficial  mycotic  infections  were  examined.  The  etiological 
agents  of  these  infections  were  isolated  from  the  lesions  and  characterized 
as  to  their  species.  Susceptibility  of  these  causal  organisms  to  various 
antifungal  agents  generally  used  in  clinical  practice  was  determined. 

Ever  since  Sabouraud’s  classic  publication,  ‘Les  Teignes’  appeared,  the  widespread 
occurrence  of  dermatophytes  is  well  established  from  the  findings  of  various  workers 
throughout  the  world.  However,  dermatomycoses  are  more  common  in  the  tropics 
than  in  the  temperate  parts  of  the  world.  India  being  a tropical  country,  situated  within 
the  tropical  and  subtropical  belts  of  the  world,  is  supposed  to  have  high  incidence  of 
mycotic  infections.  Most  parts  of  India  are  under  the  influence  of  sustained  periods 
of  combined  heat  and  humidity  recurring  annually;  and  these  geographic  factors  directly 
or  indirectly  influence  the  occurrence  of  mycotic  infections  and  their  maintenance  in  the 
population. 

The  study  of  dermatomycoses  was  started  in  India  in  early  1920s  mainly  at  the  Calcutta 
School  of  Tropical  Medicine'.  Since  then  several  such  studies  have  been  made  in  various 
parts  of  India.  During  the  last  decade,  surveys  have  been  carried  out  on  the  incidence 
of  dermatomycoses  and  their  causal  organisms'^”*.  The  findings  varied  depending  upon 
the  parts  of  the  country  and  population  studied. 

In  the  present  study,  374  patients  with  suspected  superficial  mycotic  infections,  who 
attended  the  dermatological  clinics  were  examined.  The  etiological  agents  of  these  in- 
fections were  isolated  from  the  lesions,  and  characterized  as  to  their  species.  Their  suscepti- 
bility to  various  antifungal  agents  generally  used  in  clinical  practice  was  determined. 

MATERIALS  AND  METHODS 

The  samples  were  collected  at  the  Skin  Department  (Out  Patient)  of  Employees’ 
State  Insurance  Hospital,  Rajajinagar,  Bangalore,  and  Government  Hospital,  Bellary. 
A total  number  of  374  patients  susptected  of  supjerficial  infections  were  examined  over  a 
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period  of  2 years.  The  proforma  used  to  collect  the  relevant  information  of  the  case 
is  shown  in  Chart  1.  The  cases  were  diagnosed  as  ‘tinea’  denoting  fungus  and  a suffix 

CHART  1 — PROFORMA  FOR  THE  CASE  REPORT 


E.  S.  I.  No.  : 

1.  Name  : 

2.  Address  : 

3.  Occupation  : 

4.  Duraiion  of  the  illness  : 

5.  General  health  : 

6.  History  of  animal  contact  : 

7.  Family  history  : 

8.  Clinical  lesions  : 


Age  ; 
Religion  : 


Sex  : Male/Female 


(a)  Primary  site  of  disease  : 

Skin 

Nail  Hair 

(f>)  Regions  affected  : 

Groin 

Buttocks 

Axilla 

Abdomen 

Foot  & toes 

Cheek 

Hands  & fingers 

Back 

Chest 

Thigh  • 

Loin 

Face 

No.  of  lesions  : 

Size  of  lesions  : 

Characters  : 

Border 

Redness 

Scales 

Papule 

Weaping 

Lichenification 

Vesicle 

Pigmentation 

Secondary  infection 

Pustules 

Depigmentation 

Itching 

Provisional  diagnosis  ; 

13.  Differential  diagnosis  : 

14.  Previous  treatment  : 

15.  Treatment  advised  : 

16.  Laboratory  findings  : 

Direct  examination  : 

Culture  : 

added  denoting  the  site  of  infection,  except  in  the  case  of  tinea  versicolor  where  versicolor 
depicts  the  varied  nature  of  the  lesions.  Besides  skin  infections,  a case  of  external  ear 
infection  and  a vaginal  infection  were  also  encountered. 

(a)  Collection  of  samples.  The  skin  scrapings  and  nail  clippings  were  collected  on  a 
clean  paper  using  a sterile  scalpel  after  cleaning  the  site  with  70%  ethyl  alcohol.  From 
cases  of  tinea  versicolor,  samples  were  collected  according  to  the  method  described  by 
Shing  Lin  Lii'®.  After  treating  the  site  with  70%  ethyl  alcohol,  procaine  was  injected 
intradermally  into  the  lesions,  to  form  a wheal  of  1 cm  diameter.  The  epidermis  was 
then  peeled  off  with  a clean  new  razor  blade  and  collected  on  sterile  paper. 

(b)  Microscopic  examination.  A sample  of  the  scrapings,  and  nail  clippings  were 
mounted  in  a drop  of  AOi/-glycerine  (10%  KOH  and  5%  glycerine)  on  a slide,  covered 
with  a cover  slip,  slightly  warmed  over  the  flame  and  then  examined  under  the  microscope 
for  the  presence  or  absence  of  mycelial  bits,  spores  or  yeast-like  cells. 
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(c)  Culturing  of  organisms.  Sabouraud’s  glucose  agar  (S.g.  agar)  supplemented 
with  antibiotics  (chloramphenicol,  0.004%,  cycloheximide,  0.05%)  and  Littman  Oxgall 
agar  were  used  to  isolate  dermatophytes  and  yeasts.  Some  of  the  scrapings  were  spread 
on  agar  slants  and  the  remaining  scrapings  were  placed  in  sterile  petri  plates.  S.g.  agar 
(at  40-45  C)  was  poured  into  these  plates  and  gently  swirled  to  disperse  the  scrapings 
evently.  Plates  were  incubated  at  room  temperature,  and  examined  at  intervals  for  a 
month. 

In  addition  to  the  above  media,  Martin-Scott’s  medium" (sodium  tauroglycocholate, 
10%;  oxopeptone,  5%;  agar,  2%)  was  used  for  isolation  of  causal  organism  from  tinea 
versicolor.  The  epidermal  pieces  were  inoculated  on  slants,  incubated  at  25C  and  37C 
and  examined  at  intervals  for  a month. 

(d)  Identification  of  isolates.  The  isolates  were  identified  based  on  their  colony 
morphology  and  then  subcultured  on  S.g.  agar  slants.  Further  characterization  of  these 
isolates  was  done  by  their  microscopic  and  biochemical  characteristics. 

(e)  Characterization  of  dermatophytes.  Species  of  Trichophyton,  Epidermophyton 
and  Microsporum  were  characterized  by  their  colony  morphology,  viz., shape,  pigmentation, 
and  presence  or  absence  of  micro-and  macroconidia,  chlamydospores,  racquet,  pectinate 
and  spiral  hyphae,  on  microscopy.  Production  of  macroconidia  in  T.  rubrum  was  con- 
firmed using  beef  heart  infusion  tryptose  agar  (Difco  Laboratories,  London).  Peptone 
broth  (peptone,  10  g;  distilled  water  100  ml,  pH(>.A)  containing  bromothymol  blue  as 
indicator  was  used  to  study  and  differentiate  growth  properties  of  dermatophytes  parti- 
cularly T.  mentagrophytes  and  T.  rubrum. 

Christensen’s  urea  agar"  (peptone,  1.0  g;  NaCl,  5.0  g;  KH2PO4,  2.0  g;  glucose,  5.0  g; 
agar,  20  g;  6 ml  of  0.2%  phenol  red  solution  in  50%  ethanol  and  distilled  water,  1000  ml) 
containing  2%  urea  was  inoculated  with  the  dermatophytes  and  incubated  at  27  C for 
8 days.  Urease  production  is  indicated  by  change  of  colour  from  yellow  to  pink. 

Lab-lemco  agar"  containing  Lab-lemco  beef  extract  (Oxoid,  London),  2.5  g;  glucose, 
5.0  g;  agar,  20.0g;  and  distilled  water,  1000  ml  was  used  to  examine  pigment  formation. 
The  pH  of  the  medium  was  adjusted  to  6.5-7.5.  Inoculated  slants  were  incubated  at 
27C  for  12  to  14  days  and  the  reverse  side  was  examined  for  pigmentation. 

In  all  the  above  mentioned  studies,  standard  strains  of  dermatophytes  obtained  from 
School  of  Tropical  Medicine  and  Hygiene,  London,  England,  were  used  as  reference. 

(f)  Characterization  of  yeast-like  organisms.  The  characterization  and  identification 
of  species  of  Candida  have  been  carried  out  by  methods  reported  earlier". 

(g)  Preparation  of  drug  solutions.  Nystatin  (Sarabhai  Chemicals,  Baroda,  India) 
was  dissolved  in  sterile  distilled  water  containing  1 % dimethyl  fonnamide  at  a concen- 
tration of  1 mg/ml.  Stock  solution  of  griseofulvin  (Sigma  Chemical  Co.,  St.  Louis, 
U.S.A.)  was  prepared  in  50%  dimethyl  formamide.  Miconazole  nitrate  (Ethnor  Ltd., 
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Bombay,  India)  and  buclosamide  (active  ingredient  of  Zadit,  Hoehst  Laboratories,  Bombay, 
India)  were  dissolved  in  50%  ethanol  at  a concentration  of  1 mg/ml. 

5 (h)  Method  of  testing.  Serial  (two-fold)  tube  dilution  method  was  used  for  yeasts. 

I'  Tubes  containing  25,  12.5,  6.25,  3.12,  and  1.56/rg/ml  of  the  drug  in  5 ml  of  S.g.  broth 

I were  inoculated  with  1.5  x 10’  cells  of  yeast  in  0.1  ml  of  inoculum  and  incubated  at  30  C 

j for  24-48  hr. 

1 

I S.g.  broth  tubes  containing  drugs  at  50,  40,  30,  25,  15,  5,  2.5,  1.5,  and  0.1  pg/ml  in  a 

5 ml  system  were  inoculated  with  0.05  ml  of  the  spore/mycelial  suspension  of  dermato- 
phytes (stock  suspension  adjusted  to  85%  transmission  in  Klett-Summerson  colorimeter) 
and  incubated  at  30  C for  14  days. 

Minimum  inhibitory  concentrations  (MIC)  of  the  drug  to  bring  about  complete 
inhibition  of  the  growth  was  determined  at  the  end  of  24  hr  (yeasts)  and  7 days  (dermato- 

I phytes)  and  expressed  as  uglml.  Minimum  fungicidal  concentration  (MFC)  to  bring 

I about  complete  inhibition  of  the  growth  and  viability  was  determined  at  the  end  of  48  hr 

(yeasts)  and  14  days  (dermatophytes). 

i RESULTS 

j The  incidence  of  fungi  in  clinical  cases  is  shown  in  Table  1 . Out  of  374  cases  suspected 


Table  1.  Incidence  of  fungi  in  clinicat  cases 


Number  of  cases  studied 

374 

% 

Number  of  cases  found  positive  by  microscopy 

129 

34.2 

Number  of  cases  found  positive  by  culture 

123 

32.8 

Number  of  cases  found  positive  either  by  microscopy 
or  by  culture 

184 

49.2 

Number  of  cases  where  mixed  infections  were  encountered 

14 

3.7 

of  fungal  infections,  34.2%  were  found  positive  for  fungi  by  direct  examination  and  32.8% 
by  culture.  Large  number  of  patients  had  multiple  lesions  and  some  had  even  mixed 
infections  (3.7  %).  In  9 patients,  dermatophytes  and  yeasts  were  isolated  together  from 
same  lesions.  The  dermatophytes  isolated  were  T.  rubrum  (5  cases)  and  E.  floccosum 
(4  cases).  In  another  5 cases,  T.  rubrum  and  T.  violaceum  were  isolated  from  the  same 
lesions.  In  some  cases,  multiple  and  clinically  distinct  lesions  in  the  same  patient  yielded 
different  fungi  upon  culture. 

Incidence  of  etiological  agents  in  different  clinical  types:  A large  number  of  dermato- 
phytes and  yeasts  were  isolated  mainly  from  two  types  of  clinical  lesions,  viz.,  t.corporis 
and  t.  cruris  (Table  2).  T.  rubrum  constituted  the  most  common  etiological  agent  (31.6%) 
followed  by  E.  floccosum  (18.6%).  T.  mentagrophytes  and  T.  violaceum  were  isolated 
from  12  and  10  cases,  respectively.  M,  canis  was  isolated  from  a single  case  of  t.  cruris. 
A significantly  high  percentage  of  yeast-like  organisms  (32.3  %)  were  isolated  from  various 
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inter-  Onychia 

& Otomy-  Vulvo 

Orgaoisras 

t.  capitis 

t.  corporis  t.  cruris 

t.  pedis  trigo  paronychia  coses  vaginitis  Total 

T.  mentagrophytes  1 

4 7 

12 

T.  rubrum 

25  17 

1 

43 

T.  vtolaeeum 

3 

7 

... 

10 

M.  amis 

• •• 

1 

...  ...  ... 

1 

E.fhccosum 

... 

7 15 

1 2 

25 

Yeasts 

2 

8 13 

4 9 7 

1 44 

A.  niger 



1 
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CHART  2 — 

CHARACTERIZATION  OF  THE  DERMATOPHYTES 

Pigmentation 

Genus 

Species 

Colony 

Microscopy 

Growth 

in  Lab- 

morphology 

lemcoagar 

Trichophyton 

mentagrophytes  Granular, 

Abundant  sessile  and 

Growth  on 

Pale  brown 

flat,  few 

oval  microconidia  in 

surface  with 

aerial  byphae. 

clusters,  macroconidia 

craters  in  the 

reverse 

few,  cylindrical,  4-5 

centre. 

yellowish 

celled  with  blunt  ends. 

Urease+ve. 

brown 

Spiral  byphae. 

(Figs.  1-3) 

rubrum 

Granular  with 

Abundant  ses^le 

Submerged 

Pronounced 

central  umbo. 

microconidia  along  the 

mycelia,  a 

cherry  red 

Pinkish  white 

hyphae.  Macroconidia  few  as 

surface,  a few 

absent,  produced  on 

hemispherical 

aerial  byphae. 

beef  heart  infusion 

ball 

reverse 

tryptose  agar.  4-5 

urease— ve 

cherry  red 

celled,  cigar  shaped 
(Figs.  4, 5) 

violaceum 

Creamy  white 

No  spores,  mycelia 

Submerged 

Pale  pink 

or  waxy  later 

short  and  stout 

fluffy  balls 

colour 

becomes 
violet  pink, 
very  few  aerial 
hyphae 

(Fig.  6) 

MIcrosporum 

cants 

Yellowish 

Macroconidia  abundant  Submerged 

Pale  brown 

brown 

on  long  aerial 

hemispherical 

granular  with 

conidiophore,  spindle 

balls 

brown  surface. 

shaped,  4-5  celled 

aerial  byphae 

microconidia,  oval. 

present. 

sessile,  characteristic 
racquet  hyphae 
(Figs.  8, 9; 

Epidermophyton 

floccosum 

Flat  brownish 

Abundant  macroconidia  Partially 

Pale  brown 

powdery 

either  singly  or  in 

submerged 

colony  with 

clusters,  3-5  celled. 

fluffy  balls 

radial  furrows 

club  shaped  intercalary 

no  aerial 
mycelia 

(Fig.  7) 
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types  of  clinical  lesions.  A detailed  account  of  incidence,  isolation  and  characterization 
of  these  yeasts-like  organisms  as  to  their  species  has  been  reported  earlier*^ 

Characterization  and  identification  of  dermatophytes.  Species  of  Trichophyton, 
Microsporum  and  Epidermophyton  were  identified  and  characterized  based  on  their  colony 
morphology,  pigmentation,  presence  or  absence  of  macroconidia,  other  hyphal  structures 
and  some  of  their  biochemical  potentialities,  as  given  in  Chart  2.  Like  T.  rubrum  one  of 
the  strains  of  T.  mentagrophytes,  viz.,  HM  147  produced  yellowish  red  pigment,  produced 
both  macro-macro-and  microconidia  as  well.  The  identity  of  this  isolate  was  confirmed 
byproduction  of  urease  in  urea  agar  and  inability  to  produce  red  pigment  i nLab-lemco 
agar  (Chart  2). 

No  correlation  between  the  types  of  clinical  lesions  and  the  etiological  agent  isolated 
is  evident.  However,  T.  violaceum  was  always  observed  in  t.  capitis  cases  where  lesions 
were  of  either  single  or  multiple  kerion  types,  while  in  the  glabrous  regions  the  lesions 
caused  by  T.  violaceum  were  circinate  with  pronounced  border. 

Analysis  of  cases  into  different  clinical  types  in  relation  to  age,  sex  and  occupation. 
The  distribution  of  different  clinical  types  in  men  and  women  is  given  in  Table  3.  The 

Table  3.  Analysis  of  cases  into  different  clinical  types  with  relation  to  sex 


Clinical  types 


Females 


WWW 


n 

VoL  m Supeifieiai  Mycoses  yf' 

most  common  dinical  type,  viz.,  t.  corporis  (40%  of  the  incidence)  was  observed  equally 
in  both  the  sexes.  T.  cruris  and  t.  versicolor  were  found  more  in  man.  But  in  women, 
the  predominant  sites  of  infection  are  foot,  nail  and  intertrigal  regions. 

People  in  the  age  group  of  21  to  40  years  were  found  to  be  affected  more  than  other 
groups  (Table  4).  T.  capitis  was  found  only  in  the  younger  age  groups  of  10  to  20  years. 

The  analysis  of  clinical  types  in  relation  to  the  occupation  of  the  patients  is  given 
in  Table  5.  Infections  of  scalp  were  found  only  among  students.  T.  corporis  though 


Table  S.  Aealy^  of  elbiical  types  with  relation  to  occupation 


Clinical  types 

Students 

Housewives 

Factory 

workers 

Others* 

Total 

t.  capitis 

8 



1 

9 

t.  corporis 

19 

68 

40 

28 

155 

t.  cruris 

8 

9 

44 

44 

105 

t.  pedis 

8 

12 

9 

10 

39 

intertrigo 

— 

10 

2 

3 

15 

onychia  and  paronychia 

3 

16 

4 

8 

31 

t.  versicolor 

6 

6 

12 

6 

30 

vulvovaginitis 

1 

— 

— 



1 

otomycoses 

1 

— 

— 

— 

1 

TOTAL 

54 

121 

112 

99 

386 

*mclude  oflSce  workers,  busines»nen,  artisans  and  manual  labourers  of  both  the  sexes. 

affected  all  the  classes  of  people,  factory  workers  and  housewives  seem  to  be  affected 
more  (28.5  %).  T.  cruris  was  found  more  in  factory  workers  than  in  any  other  group. 

The  in  vitro  susceptibility  of  dermatophytes  to  antimycotic  agents  is  shown  in  Tables 
6 and  7.  Griseofulvin  exerted  both  growth  inhibition  and  fungicidal  effect  in  the  con- 

Table  6.  Susceptibility  of  dermatophytes  to  antifungal  agents 


Griseofulvin 


Miconazole 


Organisms  - 

MIC 

(/ig/ml) 

MFC 

(pg/ml) 

MIC 

(fig/ml) 

MFC 

(ftg/ml) 

Epidermophyton 
floccosum  HM  358 

1.5 

1.5 

0.5 

1.5 

Microsporum  canis  HM  382 

5.0 

5.0 

1.5 

1.5 

Microsporum  adounii* 

1.5 

1.5 

0.5 

1.5 

Microsporum  gypseum* 

1.5 

1.5 

1.5 

1.5 

Microsporum  nanum** 

2.5 

2.5 

1.5 

1.5 

*Obtained  from  School  of  Tropical  Medicine  & Hygiene,  London,  U.  K. 
**Obtained  from  Willingdon  Hospital,  New  Delhi,  India. 

MIC  — Minimum  Inhibilitory  Concentration. 
MFC — Minimum  Fungicidal  Concentration. 
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Table  7.  Variation  In  the  susceptibility  of  species  and  strains  of  Trichophyton  antifungal  to  agents 


Griseofulvin 

Miconazole 

MIC 

(/ig/ml) 

MFC 

(/ig/ml) 

MIC 

(/ig/ml) 

MFC 

(^g/ml) 

T.  mentagrophytes 

HM  331.  385 

1.5 

2.5 

0.5 

1.5 

HM325 

1.5 

2.5 

2.5 

5.0 

HM  147 

2.5 

2.5 

1.5 

1.5 

HM  106 

5.0 

3.0 

1.5 

5.0 

T.  rubrum 

HM  95. 183,  24, 280,  386 

0.5 

1.5 

0.1 

1.5 

T.  violaceum 

HM72 

0.1 

1.5 

0.1 

1.5 

HM  163,  299,  377,  364 

0.5 

1.5 

0.1 

1.5 

MIC — Minimum  Inhibitory  Concentration. 

MFC — Minimum  Fungicidal  Concentration. 

centration  range  of  1 .5  to  5.0  uglrcA.  Miconazole  was  more  effective  and  showed  fungicidal 
effect  at  a concentration  of  1. 5-2.5 /tg/ml.  Strains  of  T.  violaceum  and  T.  rubrum  were 
susceptible  to  both  the  drugs  (Table  7).  Strains  of  T.  mentagrophytes  exhibited  slight 
variation.  Griseofulvin  was  found  to  inhibit  the  growth  of  4 strains  at  1.5  to  2.5pglm\ 
level  and  was  fungicidal  at  2.5  /ig/ml.  The  strain  HM  106  was  resistant  to  griseofulvin. 
It  required  two-fold  higher  concentration  to  cause  inhibition  and  twelve-fold  higher 
concentration  for  fungicidal  action. 


Susceptibility  of  Candida  species  to  various  antifungal  agents  is  shown  inTable  8. 

Table  8.  Susceptibility  of  Candida  species  and  strains  to  antifungal  agents 


Species  and  No. 
of  isolates 

Buclosamide 

Nystatin 

Miconazole 

MIC 

(/tg/ml) 

MFC 

(/ig/ml) 

MIC 

(/ig/ml) 

MFC 

(/ig/ml) 

MIC 

(/ig/ml) 

MFC 

(/ig/ml) 

C.  albicans 

6.25- 

25 

1.56- 

1.56- 

1.56- 

1.56- 

(14) 

25 

12.5 

25 

3.12 

3.12 

(4)« 

(7)** 

C.  pseudo  tropicalis 

6.25- 

25 

1.56- 

3.12- 

1.56- 

1.56- 

(12) 

12.5 

(!)•• 

6.25 

12.5 

6.25 

6.25 

C.  krusei 

6.25- 

3.12- 

3.12- 

1.56- 

1.56- 

(3) 

12.5 

(3)*‘ 

6.25 

12.5 

3.12 

3.12 

(D* 

C.  parakrusei 

6.25- 

25 

12.5- 

12.5- 

3.12 

3.12 

(2) 

25 

25 

(1)** 

C.  parapsilosis 

(D* 

(D* 

6.25 

6.25 

1.56 

1.56 

C.  tropicalis 

3.12 

6.25 

1.56 

3.12 

1.56 

3.12 

MIC — Minimum  Inhibitory  Concentration. 

MFC — Minimum  Fungicidal  Concentration. 

*not  inhibited  even  at  25  frg/ml. 

*not  fungicidal  even  at  a concentration  of  25  /ig/ml. 
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Miconazole  inhibited  the  growth  and  affected  the  viability  of  all  the  species  and  strains 
of  Candida  at  a concentration  range  of  1.5  to  6J5  /tg/ml.  While  majority  of  yeasts  were 
inhibited  by  the  nystain  at  1.56  to  12.5  pg/ml,  a few  required  a concentration  of  25  pg[ml. 
Budosami^  inhibited  yeasts  at  higher  concentrations,  viz.,  6.25  to  25  /ig/ml.  It  showed 
fungicidal  effect  only  in  50%  of  C.  albicans  strains  at  25  /<g/nil. 

DISCUSSION 

The  widespread  occurrence  of  dermatophytes  in  the  tropics  is  well  known  and  the 
present  study  indicates  that  they  are  very  common  in  this  part  of  the  country  affecting 
the  people  of  all  classes. 

A fairly  significant  percentage  of  people  had  tinea  versicolor,  with  microscopically 
demonstrable  ovoid  spore  masses  and  short  hyphae  in  scales.  Our  attempts  to  cultivate 
the  causal  organism  either  by  using  Martin-Scotts  medium"  or  by  following  the  method 
of  Shing  Lin  Lii*”,  were  not  successful. 

In  the  present  study  T.  rubrum  is  found  to  be  the  common  etiological  agent,  and 
this  finding  is  in  conformity  with  earlier  reports  from  our  laboratory  and  other  parts 
of  India.  The  second  common  etiological  agent  encountered  was  E.  floccosum.  A 
similar  high  incidence  of  E.  floccosum  was  reported  from  Bengal  by  Ghosh’;  while  T.  menta- 
grophytes  was  reported  to  be  the  second  common  etiological  agent  in  other  parts  of  the 
country.  M.  canis  was  isolated  from  only  one  case  for  the  first  time  in  this  part  of  the 
country. 


Another  salient  feature  of  the  present  study  is  significantly  high  incidence  of  yeasts 
in  superficial  mycotic  cases.  Their  incidence,  isolation,  characterisation"  and  their 
pathogenic  ability'*  have  been  stu«lied  in  greater  detial  and  reported  elsewhere. 

The  predominance  of  infections  in  men  may  be  attributed  in  general  to  excessive 
sweating  and  abrasion  of  under  garments,  particularly  in  case  of  tinea  cruris.  Both 
tinea  corporis  and  tinea  cruris  were  observed  in  great  numbers  in  factory  workers  than 
in  any  other  group  Women,  house-wives  in  particular,  were  mostly  affected  by  tinea 
corporis  infections,  on  foot,  nail  and  intertrigal  regions.  In  women,  the  tinea  corporis 
was  observed  chiefly  around  the  waist  aud  under  arms  because  of  the  type  of  clothing 
they  wear.  The  tightly  worn  sarees  and  blouses  cause  abrasions  in  the  skin,  and  sweat 
provides  a mircroclimate  suitable  for  the  maintaince  of  the  invading  fungus.  Act  on 
and  McGuire'  have  described  the  predisposing  conditions  for  tinea,  as  thinness  of  the 
skin  surface,  moisture  as  in  obese  people  friction  by  clothing  and  shoes,  and  constant 
wetting  of  hands  and  feet.  Incidence  of  scalp  infections  only  among  children  up  to  the 
age  of  18  years  and  below  is  an  interesting  observation  in  conformity  with  earlier  reports. 

The  dermatophytes  isolated  from  these  clinical  materials  have  been  tested  for  their 
pathogenicity  in  experimental  animals  like  mice,  rates  and  guinea  pigs  and  some  of  them 
were  found  to  be  pathogenic  (detail's  of  experimental  infection  and  pathogenicity  of 
dermatophytes  to  be  published  elsewhere). 
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The  in  vitro  susceptibility  of  dermatophytes  and  yeasts  to  various  antHiingal  agents 
was  examined.  Mkonazole  appeared  to  be  highly  potent  than  other  drugs  tested. 
Dermatophytes  were  more  susceptible  than  yeasts.  Griseofulvin  and  nystatin  were 
efiective  at  two>fold  higher  concentrations.  Buclosamide  needed  higher  concentrations 
for  its  fungi  static  and  fungicidal  action  both  on  dermatophytes  and  yeasts.  The  clinical 
efficacy  of  miconazole  as  a topical  agent  has  been  studied  and  reported  by  us  recently,’^ 
showing  100%  cure  rate  in  cases  of  dermatophytes  and  yeasts  without  any  recurrence 
after  the  therapy  is  discontinued. 
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In  a recent  study  extended  over  a preiod  of  IS  months,  320  patients  attending  the 
skin  department  of  a local  hospital,  have  been  examined  for  the  etiological  agents  in  skin 
infections.  In  nearly  31  per  cent  of  the  cases  which  are  positive  by  culture,  yeasts  arc 
isolated  as  sole  causative  organisms.  Mixed  infections  of  yeasts  with  dermatophytes  are 
observed  in  another  9 per  cent  and  the  associated  dermatophytes  are  E.  floccosum 
and  T.  rubrum.  Yeasts  are  isolated  not  only  from  hands,  feet  and  nails,  but  also  frem 
body  and  groin.  In  all  42  yeast-like  organisms  are  isolated  from  37  patients  with 
different  clinical  types.  Based  on  their  morphology  in  different  media,  fermentation 
tests,  pseudomycelia,  chlamydospore  and  germ-tube  formation,  33  isolates  are  charac- 
terised as  to  their  species.  ITiey  included  C.  albicans,  C.  psendotropiealis,  C.  kmsei, 

C.  parakrusei,  C.  parapsilosis,  C.  guiUermondii  and  C.  tropicalis.  In  this  study 
C.  albicans,  a definitely  proved  pathogen  accountedfor  33  per  cent  of  the  yeasts  islcated. 
Further,  a high  incidence  of  C.  psendotropiealis,  (28  per  cent)  is  also  observed. 

Introduction 

Among  fungi  pathogenic  to  humans  and  animals,  importance  of  yeasts  is  well 
recognized.  Most  of  the  pathogenic  yeasts  exist  as  commensals  in  humans  and 
animals  and  are  frequently  isolated  from  mouth,  intestine,  vagina  etc.  However, 
during  the  altered  physiological  conditions  of  the  host  as  in  infancy,  pregnancy, 
hormonal  disorders,  diabetes  and  due  to  prolonged  treatment  with  broad  spectrum 
antibiotics,  costicosteroids  etc.,  yeast-like  organisms  could  be  invasive  and  bring  about 
pathogenic  manifestations  (Chakravarthi  et  al.,  1962;  Balbir  Singh  and  Sharma, 
1962;  Daftary  et  al.,  1962  and  Raman  et  al.,  1962).  In  surveys  of  the  incidence  of 
fungal  diseases  of  both  systematic  and  superficial  nature,  yeasts  are  found  to  be 
prominent  etiological  agents  (Ghosh.  1948;  Desai  et  al.,  1962;  Indira  et  al.,  1971). 

In  the  present  study  from  June  1972  to  August,  1973,  320  patients  with  suspected 
fungal  infections  attending  the  skin  department  of  Employee’s  State  Insurance 
Hospital,  Rajajinagar,  Bangalore  have  been  examined.  Besides  various  species  of 
dermatophytes,  yeast-like  organisms  have  been  isolated  from  superficial  skin  lesions 
and  characterised  to  their  species. 
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Material  and  Methods 

Clinical  material  : Scrapings  are  collected  from  patients  by  means  of  sterile  scalpel 
after  clearing  the  site  with  70  per  cent  ethyl  alcohol. 

Direct  examination  : Scrapings  are  digested  with  10  per  cent  KOH  and  then  microsco- 
pically examined  for  the  presence  or  absence  of  fungal  elements. 

Culture  : Sabouraud’s  glucose  (S.g.)  agar  supplemented  with  chloramphenicol 
(0  04  mg./ml.)  and  cycloheximide  (0-5  mg. /ml.)  and  Littman  Oxgall  agar,  are  used 
for  the  primary  isolation.  Scrapings  arc  placed  on  agar  slants  and  incubated  at  room 
temperature.  When  yeast-like  colonics  appeared,  they  are  transferred  on  to  S.g. 
agar  slants,  allowed  to  grow  for  2 days  at  30“C.  and  then  stored  at  0-5*C. 

Morphology  of  growth  in  S.g.  broth  : isolates  are  inoculated  into  S.g.  broth,  incubated 
at  30*C.  and  then  observed  for  the  formation  of  surface  growth  or  submerged  growth. 

Fermentation  of  sugars  : The  ability  of  all  the  isolates  to  ferment  the  sugars  glucose, 
sucrose,  maltose  and  lactose  is  tested  according  to  the  method  of  Beneke  and  Rogers, 
1971.  Tubes  contained  4-5  ml.  of  sterile  beef  extract  broth  and  0-5  ml.  of  10  per  cent 
sterile  aqueous  sugar  solution.  The  broth  contained  bromocersol  purple  as  pH 
indicator  (0-16  mg./ml.)  and  Durham  tubes  to  collect  the  ga$  evolved.  These  tubes  are 
inoculated  with  0-1  ml.  of  18  h.  culture  of  the  isolates  in  S.g.  broth,  then  incubated  at 
37°C.  for  48  b.  and  observed  for  the  production  of  acid  and  gas.  The  fermentation 
properties  are  found  to  be  same  even  after  72  h. 

Production  of  pseudomycelia  and  chlamydospores  : The  relative  efficiency  of  cornmeal 
agar,  chlamydospore  agar  (Moss  and  McQuoun,  1969)  and  rice  agar  with  Tween  80 
(Beneke  and  Rogers,  1971)  to  facilitate  pseudomycelia  and  chlamydospore  formation 
is  examined. 

Rice  agar  with  Tween  80  is  found  to  yield  best  results  when  tested  with  a standard 
strain  of  C.  albicans  (Z  248)  within  20  h.  incubation.  The  chlamydospore  production 
was  maximum  at  20*C.  than  at  30  or  37*C.  Hence  rice  agar  with  Tween  80  medium 
and  incubation  at  20*C.  arc  chosen  for  screening  all  the  isolates  for  their  ability  to  pro- 
duce pseudomycelia  and  chlamydospores. 

Formation  of  germ  tubes  in  the  presence  of  serum  and  egg  albumin  : Rabbit  and  guinea 
pig  sera  are  used  to  test  the  formation  of  germ  tubes  (Beneke  and  Rogers,  1971)  with 
the  standard  strain.  Scrum  samples  are  inoculated  and  incubated  at  37*C.  After  4 h. 
of  incubation,  small  delicate  germ  tubes  are  found  on  microscopic  examination  with 
a standard  strain  of  C.  albicans,  Z248.  Hen’s  egg  albumin  (Gentles  and  La  Touche, 
1%9)  is  found  to  be  equally  suitable  and  it  facilitated  the  production  of  more  pronounc- 
ed and  stout  germ  tubes.  Hence  the  hen’s  egg  albumin  has  been  used  for  screening 
all  the  isolates. 

Standard  strains  tested  : In  all  the  above  experiments,  parallel  tests  are  performed 
on  standard  strains  of  Candida  species,  viz.,  C.  albicans  Z248,  C.  Krusei  Z70,  C.  pseu- 
dotropicalis  Z27  (got  from  London  School  of  Hygiene  and  Tropical  Medicine, 
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Plate  XXIll 


Fig.  1.  Chlamydospore  production  in  C.  albicans.  HM312,X480. 


Fig.  2.  Germ  tube  production  in  C.  albicans.  HM3I2,  X480. 
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London),  and  C.  tropicalis  509/7  (got  from  Vallabhbhai  Patel  Chest  Institute,  Delhi 
University,  Delhi)  to  serve  as  controls. 

Results  and  Discussion 

The  results  of  the  study  of  320  cases  of  suspected  superficial  mycotic  infections 
are  shown  in  Table  I.  In  all,  93  cases  (29  0 per  cent)  yielded  causal  organisms  upon 
culture  and  they  included  both  dermatophytes  and  yeasts.  Dermatophytes  accounted 
for  56  cases  (out  of  93)  and  the  isolated  species  are  : T.  mentagrophytes  (8),  T.  rubrum 
(18),  T.  violaceum  (10),  E.  floccosum  (20). 


Table  I.  Yeast-like  organitias  in  anpcrficial  mj^coses*. 


Site  of  infection 

No.  of 

Causal  organisms  encountered 

cases 

T.  RieDtagropb>tes 

T.  mbruB  T.  Tiolacean  E.  floccosum 

Yeast 

Scalp 

3 

3 

1 

Beard 

1 

'9t 

Body 

37  5 

10  6 7 

Groin 

Hand  (interdigital 

35  3 

8 12 

m 

region) 

1 

4 

Foot 

Nail  and  associated 

6 

6 

skin 

A 

9 

Total 

9i  « 

18  10  20 

37 

•In  3 cases  yeasts  were  isolated  along  with  E.  Ooccotom  (2  caset)  and  T.  mbnim  (1  case), 
tin  5 cases  yeasts  were  isolated  along  with  E.  floccosum  (3  cases)  and  T.  nibrora  (2  cases). 
tThe  data  is  from  320  cases  studied. 


Among  93  cases  that  are  positive  by  culture,  yeast-like  organisms  accounted 
for  37  cases  (40  per  cent).  They  are  isolated  not  only  from  hands,  feet,  nails  and  asso- 
ciated skin  regions  but  also  from  body  and  groin.  ' W hile  dermatophytes  are  predomi- 
nant etiological  agents  causing  infections  of  body  and  groin  (51  cases),  yeasts  are  also 
responsible  in  significant  number  (21)  of  cases  (29  per  cent). 

In  all,  42  jcast-like  organisms  are  isolated  from  37  patients  (in  5 patients  2 yeast- 
like organisms  are  isolated  from  each)  with  different  clinical  types.  Based  on  their 
morphology  in  S.g.  broth,  rice  agar,  fermentation  tests  etc.,  33  isolates  are  characteriz- 
ed, as  species  of  Candida,  while  the  remaining  9 isolates  are  not  identified  because  of 
the  varied  fermentation  reactions  and  lack  of  pseudomycelia  formation.  The  following 
7 species  of  Candida  are  encountered  (Table  11). 

Group  1 : C.  albicans  (14  isolates)  HMI2,  27,  4Ia,  42,  66,  144,  206,  281b,  303,  309, 
312,  318a,  318b,  343. 

Group  2 : C.  pseudotropicalis  (11  isolates)  H\!40,  82a,  116b,  244,  282,  290b,  295, 
322a.  322c,  323b,  R*. 


At 
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TaMe  n.  CkaractariailiM  and  iaantification  of  yeaii-Ukt  arganiaaii. 


Organisms 

Fcnnentation  behaviour 

Growth  in 

Morphology  in 

Produc- 

Species 

aaiTg 

strains) 

Glu  Mai 

Sue 

Lac 

S.g.  broth 

rice  agar 

tion  of 
germ  tube 

identified 

Group  1 
(14  isolates) 

AG  AG 

A* 

•• 

No  surface 
growth 

Pseudomycelia 
bearing  terminal 
chalmydospores 

+ 

C.  alMeaos 

Group  2 
(11  isolates) 

AG  — 

— 

AG 

No  surface 
growth 

Pseudomycelia 

— 

C.  pseada- 
tropicalis 

Group  3 
(3  isolates) 

AG  — 

— 

— 

Frothy  myce- 
lial growth 

Pseudomycelia 

- 

C-kroesi 

Group  4 
(2  isolates) 

AG  — 

— 

— 

No  surface 
growth 

Pseudomycelia 

- 

C.  parakrase 

Group  5 
(1  isolate) 

AG  AG 

A 

No  surface 
growth 

Pseudomycelia 

- 

C.  parapsi- 
lepeis 

Group  6 
(1  isolate) 

AG  — 

A 

— 

No  surface 
growth 

Pseudomycelia 

- 

C qnlHIer- 
mondii 

Group  7 
(1  isolate) 

AG  A 

AG 

— 

Surface 

growth 

Pseudomycelia 

- 

C.  tropicaiii 

Group  8 
(9  isolates) 

Varied 

reactions 

No  surface 
growth 

Blast  ospores 

- 

Unidentified 

Group  3 : C.  krasei  (3  isolates)  HM4lb,  308b,  R*. 

Group  4 : C.  parakrusei  (2  isolates)  HM265,  123. 

Group  5 : C.  parapsilosis  (1  isolate)  HM152. 

Group  6 : C.  guillierraondii  (1  ioslate)  HM240. 

Group  7 ; C.  tropicalis  (1  isolate)  HM279. 

Group  8 : Unidentified  (9  isolates)  HM74,  155,  204,  252,  280,  281a,  288,  289,  310. 

The  identity  of  isolates  in  group  1 as  C.  albicans  is  further  confirmed  by  their 
ability  to  produce  chlamydospores  (Plate  XXIII,  Fig.  1)  and  germ  tubes  in  presence  of 
egg  albumin  (Plate  XXIII,  Fig.  2). 

Several  species  of  yeasts  belonging  to  the  genus  Candida  are  isolated  from  super- 
ficial mycoses.  In  this  study,  C.  albicans,  a definitely  proved  pathogen,  accounted  for 
nearly  33  per  cent  of  the  yeasts  isolated;  further  a high  incidence  of  C.  pseudotropi- 
calis,  i.e.,  1 1 out  of  42  (26  per  cent)  is  of  interest. 

The  present  study  establishes  the  occurrence  of  yeasts  in  dermatological  lesions. 
Whether  they  are  present  merely  as  saprophytes  or  responsible  for  the  dermatological 
lesions  needs  further  study  on  their  pathogenic  ability  in  experimental  animals. 
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U.S.A.  through  the  grant  No.  N0001471-C-0349.  The  authors  express  their  grateful 

thanks  to  Dr.  N.  Krishna  Murthy,  Department  of  Dermato-Venereology,  Medical 

College,  Bellary,  for  kindly  supplying  clinical  material. 

References 

Balbir  Singh  and  Sharnia,  M.D.  1962.  Yeast-like  fungi  in  vaginal  and  vulval  swabs  of  90  cases. 
In  Fungus  Diseases  in  India.  Proc  Symp  Calcutta  School  of  Tropical  Medicine,  Calcutta, 
India,  138-144. 

Beneke,  E.S.  and  Rogers,  A.Z.  1971.  Medical  mycology  manual  (3rd  Edn.),  Published  by  Burgess 
Publishing  Co.,  Minneapolis,  U.S.A.  40-41. 

Chakravarthy,  S.,  Randhawa,  H.S.,  Roy,  B.K.  and  Viswanathan,  R.  1962.  Candida  species  in 
throat  swab  cultures  of  normal  people  and  sputum  of  patients  with  bronchopulmonary  diseases. 
In  Fungus  Diseases  in  India.  Proc  Symp  Calcutta  School  of  Tropical  Medicine.  Calcutta, 
India,  p.  75-78. 

Daftary,  V.G.,  Motashaw,  N.D.  and  Mehta,  A.C.  1962.  The  incidence  and  therapy  of  vagin.Hl 
moniliasis  in  pregnant  women.  Proc  Symp  Calcutta  School  of  Tropical  Medicine,  Calcutta 
India,  195-198. 

Desai,  C.S.,  Lesslic  Marquis  and  Bhat,  M.L.A.  1962.  Mycologic  study  of  247  cases  of  dermatomy- 
coses.  Proc  Symp  Calcutta  School  of  Tropical  Medicine,  Calcutta,  India  278-290. 

Gentles,  J.C.  and  La  Tuchc,C.J.  1969.  Yeasts  as  human  and  animal  pathogens.  In  The  Yeasts, 
Ed.  Rose,  A.H.  and  Harrison,  J.S.  Published  by  Academic  Press,  London  and  New  York,  134. 

Ghosh,  L.M.  1948.  Analysis  of  50,000  skin  cases  as  seen  in  the  out-patients  during  the  five  years 
from  1942-1946.  Indian  Med  Gaz  83,  493-500. 

Indira,  P.U.,  Sirsi,  M.  and  Krishnamurthy,  N.  1971.  A preliminary  survey  of  dcrmatomyco.scs  in 
Bangalore.  Proc  Indian  Acad  Sci  74B,  174-184. 

Moss,  E.S.  and  McQuoun,  A.Z.  1969.  Atlas  of  Medical  Mycology  (3rd  edn.)  311-312.  Published 
by  the  William  and  Wilkins  Co.,  Baltimore,  U.S.A. 

Raman,  K.,  Marquis,  L.  and  Aji’aor.k.ir,  R.S.  1962.  Isolation  of  C.  albicans  in  cases  treated  with 
broad  spectrum  antibiotics.  In  Fungus  Diseases  in  India,  170-175.  Proc  Symp  School 
of  Tropical  Medicine  Calcutta,  India. 


Indian  J Med  Res  64,  9,  September  1976,  pp  1322-1327 

Yeasts  in  Superficial  Mycosis  : Pathogenicity  of 
Candida  Species  to  Swiss  Albino  Mice 

Vijaya  Manohar,  M.  Sirsi  and  G.  Ramananda  Rao 

Microbiology  and  Cell  Biology  Laboratory, 

Indian  Institute  of  Science,  Ban  galore- 5600 1 2. 

Revised  article  received  for  publication,  February  23,  1976. 


Pathogenicity  of  several  species  and  strains  of  Candida  isolated  from  superficial  skin  in- 
fections, in  mice  has  been  examined.  Fifty  per  cent  of  yeasts  isolated  were  found  to  be 
pathogenic.  In  addition  to  C.  albicans  which  is  a definitely  known  pathogen,  other  spe- 
cies of  Candida  viz.,  C.  pseudolropicalis  and  C.  parapsilosis  have  been  found  to  be 
equally  pathogenic. 


Introduction 

Although  the  occurrence  of  yeasts,  notably  species  of  Candida,  as  commensals  in 
various  parts  of  the  human  body,  vi:.,  mouth  (Young  et  al.,  1951).  intestine  (Marples 
and  di  Menna.  1952)  and  vagina  (Balbir  Singh  and  Sharma.  1962)  and  theii  pathogeni- 
city under  altered  physiological  conditions,  vi:.,  infancy  (Taschdjian  and  Kozinn. 
1957),  old  age,  pregnancy  (Daftary  et  al.,  1962),  prolonged  hormone  and  broad- 
spectrum  antibiotic  treatment  (Crossby,  1967  and  Raman  et  al.,  1962)  are  well  docu- 
mented, theit  occurrence  and  function  in  superficial  skin  layers  are  less  understood. 
While  Drouhet  (I960)  reported  failure  to  recover  C.  albicans  from  a large  number  of 
healthy  skin  samples,  its  definite  presence  and  relation  to  age  have  been  shown  by 
Marples  and  Somerville  (1966).  However,  information  is  lacking  on  species  of  Candida 
which  are  frequently  encountered  on  the  skin  and  their  potential  pathogenicity. 
Though  in  earlier  studies  on  superficial  skin  infections,  yeast-like  organisms  have  been 
isolated  as  etiological  agents,  their  identity  and  pathogenicity  are  not  reported. 

The  incidence,  isolation  and  characterisation  of  yeast-like  organisms  from  super- 
ficial skin  infections  have  been  reported  earlier  by  the  present  authors  (Vijaya  Manohar 
et  al.,  1975).  The  present  paper  deals  with  the  pathogenicity  of  these  yeast-like 
organisms  to  Swiss  albino  mice. 


Material  and  Methods 

Organisms  : The  following  strains  of  Candida  species  (isolated  from  patients 
designated  as  HM  series)  and  strains  obtained  from  London  School  of  Hygiene  and 
Tropical  Medicine.  London  (designated  as  Z series)  were  used. 

C.  albicans  : HM12,  27.  41a,  66,  206,  303,  309,  312,  318a.  318b  and  Z248. 
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C.  pseudotropicalis  ; HM40,  56,  82a,  1 16b,  244,  282,  290b,  295,  322a,  322b  and  Z27. 
C.  parakrusei  ; HM265. 

C.  parapsilosis  : HM152  and  Z40. 

C.  tropicalis  : HM279  and  Z156. 

Preparation  of  inocula  : Ceils  from  an  18  hour  culture,  grown  at  30®C.  in  Sabouraud’s 
glucose  (Sg)  broth,  were  harvested,  washed  twice  with  saline  and  suspended  in  the 
same.  The  cell  population  was  quantitated  by  haemocytometer. 

Experimental  animals  and  mode  of  inoculation  : Swiss  albino  mice  of  either  sex  in  the 
weight  range  of  1 5 to  25  g.  were  used.  Animals  were  infected  by  intravenous  route  follow- 
ing the  procedure  described  by  Ramananda  Rao  and  Sirsi  (1962).  As  the  strain  Z248, 
proved  ^to  bq  pathogenic  at,  a dose  of  5x10*  cells  with  an  average  survival  period  of 
less  than  7 days,  all  the  isolates  were  tested  by  injecting  0- 1 ml.  cell  suspension  containing 
5 and  10  x 10*  cells.  Isolates  which  were  non-pathogenic  at  a dose  level  of  10  x 10* 
cells  were  also  tested  at  a dose  level  of  30x  10’  cells.  Each  group  consisted  of  5 animals 
and  control  group  received  0-1  ml.  of  saline.  Body  weights  of  the  experimental 
animals  were  recorded  before  and  during  the  course  of  infection  at  regular 
intervals. 

Examination  of  the  tissue  preparation  : The  mice  were  kept  under  observation  and 
mortality  rates  were  calculated  at  the  end  of  30  days.  The  mice  died  of  infection  and 
those  which  survived,  were  sacrificed  at  the  end  of  one  month,  dissected  and  examined 
for  the  presence  of  macroscopic  lesions  in  organs  like  lung,  liver,  spleen,  kidney  and 
brain.  Smears  prepared  from  these  tissues  were  microscopically  examined  (after  stain- 
ing with  1 per  cent  aqueous  methylene  blue)  for  the  presence  or  absence  of  blastospores 
and  pseudomycelia. 

Culturing  of  the  organisms  : S.g.  agar  and  broth  containing  cycloheximide  (0-5  mg./ml.) 
and  chloramphenicol  (0-04  mg./ml.)  were  inoculated  with  aliquots  of  tissue  homogenates 
and  incubated  at  30°C. 


Results  and  Discussion 

The  animals  infected  with  pathogenic  strains  showed  loss  in  weight.  Pathogeni- 
city of  strains  of  C.  albicans  is  shown  in  Table  I.  The  strain  Z248  was  found  pathogenic 
at  both  the  dose  levels  of  2-5  and  5-Ox  10*  cells,  with  average  survival  periods  of  10-5 
and  6-2  days,  respectively.  All  the  isolates  of  C.  o/h/ca/w  tested  were  found  pathogenic 
to  varying  degrees.  Four  of  them  (40  per  cent)  were  highly  pathogenic  with  an  average 
survival  time  of  1-2  to  3-2  days  and  the  rest  were  moderately  pathogenic  with  an  average 
survival  period  of  6-8  to  10-5  days. 

Among  10  isolates  of  C.  pseudotropicalis,  4 strains  were  found  to  be  pathogenic 
to  varying  extent  as  seen  in  strains  of  C.  albicans.  Isolates  HM295  and  322a  were  highly 
pathogenic  (Table  II).  With  a two-fold  increase  in  the  dose  of  inoculum,  the  average 
survival  time  of  the  animals  infected  with  these  isolates  was  considerably  reduced 
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Fig.  1 

Lesions  in  kidneys  of  mouse  infect- 
ed with  C.  pseuiloiropicalis  HM295. 


Mycelia  in  the  smears  of  kidneys 
of  mouse  infected  with  C.  pseu- 
tfolropicafis  HM295.  x 480. 


Fig.  3 

Mycelia  in  the  smears  of  kidneys 
of  mouse  infected  with  C.  albicans 
HM27.  X 480, 
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Table  I.  Patbogcnicity  of  C.  albkaiis  strains*  to  Swiss  albino  nice. 


Isolates 

Dose  of  infection 

No.  of  animals 
died/No.  of 
animals  used 

Average  survival 
period 
(days) 

Standard  strain 

Z248 

2-3  X 10*  ceUs 

4/5 

10-5 

5 0 X 10*  „ 

4/5 

6-2 

Highly  pathogenic 

HM303 

5 0 X 10*  cells 

4/5 

1-2 

HM12 

>» 

3/5 

2-3 

HM312 

» 

4/5 

2-7 

HM41a 

»P 

SIS 

3-2 

Moderately  pathogenic 

HM66  „ 

SIS 

6-8 

HM206 

SIS 

8-1 

HM318b 

*> 

SIS 

8-6 

HM27 

9t 

5/5 

8-6 

HM318a 

2/5 

9-0 

HM309 

4IS 

10-5 

*Smce  ail  the  strains  were  found  to  be  pathogenic  at  a dose  of  Sx  10*  cells. 


higher  doses  were  not  tested. 


Tabic  n.  Pathogenicity  of  C.  pscndotropicalis  strains  to  Swiss  allrino  asice. 


Isolates 

Dose  of  infection 

No.  of  animals 
died/No.  of 
animals  used 

Average 
survival  period 
(days) 

Pathogenic* 

HM295 

5x  10*  ceils 

5/5 

5-0 

>9 

10X10*  „ 

5/5 

2-8 

HM322a 

5X10*  „ 

3/5 

8-3 

»» 

10X10*  „ 

4/5 

3-5 

HM56 

5X10*  „ 

0/5 

... 

10X10* 

4/5 

5-0 

HM82a 

5X10*  „ 

0/5 

... 

99 

10X10*  „ 

3/5 

8-0 

Non- pathogenic 

HM40, 116b, 

244,  5X10*  „ 

0/5 

290b,  322c, 

10X10*  „ 

0/5 

.. 

322b  and  Z27 

30X10*  „ 

0/5 

•Strains  which  proved  pathogenic  at  a dose  level  of  10x10*  cells,  were  not 
tested  at  a dose  level  of  30  X 10*  cells. 


Vijaya  Maoohar  ef  al. 

(5  0 to  2-8  days  and  8-3  to  3-5  days).  The  other  two  isolates  viz.,  HM56  and  82a 
were  moderately  pathogenic  at  a dose  of  lOx  10*  cells,  with  an  average  survival  period 
of  5 0 and  8 0 days,  respectively.  The  remaining  isolates  and  the  strain  Z27  were  non- 
pathogenic  even  at  a dose  of  30x  10*  cells. 

Among  other  species  tested,  C.  parapsilosis  HMl 52  was  moderately  pathogenic 
at  a dose  of  10x10*  cells  (Table  111).  The  tissue  involvement  in  animals  infected 
with  pathogenic  strains  is  shown  in  Table  TV.  Only  few  strains  viz.,  C.  albicans  HM27, 
C.  pseudolropicalis  liM295  (Plate  CIV,  Fig.  1),  HM322a  and  C.  parapsilosis  HMI52 
produced  discrete  lesions  in  kidneys.  However  kidney  smears  from  all  the  animals 
infected  with  pathogenic  strains  showed  yeasts  and  pseudomycelia  on  microscopic 
examination  (Plate  CIV,  Figs.  2 and  3).  No  such  macroscopic  lesions  were  seen  in 
other  organs  viz.,  lung,  liver,  brain  and  spleen,  and  microscopically  smears  did  not 
show  any  yeasts  or  pseudomycelia.  But  homogenates  from  all  the  organs  viz.,  kidney, 
spleen,  liver,  lung  and  brain,  yielded  yeasts  on  culture.  Recently  similar  findings  have 
been  reported  in  case  of  C.  albicans  by  Marianita  and  Schmitt  (1973).  No  macroscopic 
lesions  were  found  in  any  of  the  organs  of  the  animals  which  survived  and  were  sacrificed 
at  the  end  of  one  month,  and  tissue  smears  from  these  organs  did  not  reveal  either 
blastospores  or  pseudomycelia.  Further,  homogenates  from  any  of  the  organs  from 
these  animals,  did  not  yield  yeasts  on  culture. 

In  the  present  study,  the  pathogenic  ability  of  50  per  cent  of  the  yeasts  isolated 
from  skin  lesions  is  established.  In  addition  to  C.  albicans  which  is  a definitely  known 
pathogen,  other  species  of  Candida,  viz.,  C.  pseudolropicalis  and  C,  parapsilosis  are  found 
to  be  pathogenic.  Since  these  organisms  were  isolated  from  superficial  mycotic  lesions 
(Vijaya  Manohar  et  at.,  1975)  and  found  to  be  pathogenic  in  experimental  animals,  the 


Table  III.  Patfaogeaicit)'  of  Candida  spp.  to  Swiss  albino  mice. 


Isolates 

Dose  of  infection 

No.  of  animals 
died/No.  of 
animals  used 

Average 
survival  period 
(days) 

C.  pnrapsiloslB 

HM152* 

5 X 10*  cells 

0/5 

>P 

C.  parapsilosis 

Z40 

1 

10  X 10*  ., 

4/5 

13 

C.  tropkalis 

1 

> 

5 X 10*  „ 

0/5 

... 

HM279,  Z156 

10  X 10*  „ 

0/5 

... 

C.  parakrasei 
HM265 

\ 

J 

30  X 10*  „ 

0/5 

• • 

*Sisce  this  strain  proved  to  be  pathogenic  at  a dose  level  of  10  X 10*  cells, 
it  was  not  tested  at  30  X 10*  cells. 
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Table  IV.  Tissue  inTolTement  in  experimental  candidiasis  in  S«is«  albino  mice. 


Isolates 

Species 

Macroscopic  lesions  in  organs 

Microscopic 
examination  of 
kidney  smears* 

Highly  pathogeaic 

HM303 

C.  albicans 

No  lesions  in  kidneys  and 
other  organs 

Yeasts  and 
pseudomycelia 

HM12 

99 

ft 

HM41a 

„ 

• » 

ft 

HM312 

»» 

99 

99 

HM295 

C.  pseudotropicalis 

Discrete  lesions  in  kidneys 

99 

HM56 

>9 

No  lesions  in  kidneys  and 
other  organs 

• v 

HM322a 

Discrete  lesions  in  kidneys 

Moderately  patbo.enic 

HM66 

C.  albicans 

No  lesions  in  kidneys  and 
other  organs 

HM82a 

C.  pseudotropicaiis 

t* 

9» 

HM206 

C.  aibicans 

99 

HM318a 

„ 

HM27 

99 

Discrete  lesions  in  kidneys 

• * 

HM309 

99 

No  lesions  in  kidneys  and 
other  organs 

” 

HMI52 

C.  parapsilosis 

Discrete  lesions  in  kidneys 

♦ ♦ 

'Smears  from  lung,  liver,  brain  and  spleen  did  not  reveal  any  yeast-like  organisms  or  pseudoit'ycelia 
on  microscopy  but  the  homogenates  from  all  these  organs  yielded  yeasts  upon  culture. 


need  for  cultural  diagnosis  is  emphasized  in  seieciing  a suitable  therapy  for  superficial 
mycotic  infections. 
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Since  the  etiology  of  superficial  mycotic  infect- 
ions are  highly  variable,  the  study  of  their  vitro 
susceptibility  to  antimycotic  drugs  would  help  in 
selecting  a suitable  therapeutic  agent  and  its  dos- 
age. Though  a wide  spectrum  of  antimycotic  agents 
have  been  reported,  the  number  of  drugs  used  in 
practice  are  very  few  and  often  are  highly  selective 
in  their  action  on  fungi.  There  is  no  single  drug 
which  acts  on  all  the  etiological  agents  with  equal 
efficacy.  The  ^ vitro  susceptibility  of  various 
superficial  mycotic  agents  to  some  of  the  commonly 
used  antifungal  agents  like  griseofulvin,  nystatin  and 
buclosamide  has  been  examined.  Their  antifungal 
activity  was  compared  with  miconazole  nitrate  (a 
synthetic  antifungal  drug  with  broad-spectrum  action). 
The  results  revealed  that  both  dermatophytes  and 
Candida  spp.  were  highly  susceptible  to  miconazole  as 
compared  to  griseofulvin  or  nystatin  or  buclosamide. 
Further  the  clinical  evaluation  of  miconazole  as  a 
topical  applicant  in  patients  with  superficial 
mycotic  infections  has  shown  that  the  drug  effectively 
cures  all  the  superficial  mycotic  infections  irres- 
pective of  the  etiological  agents  involved  (pages  11, 
12,27-30). 
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Micon.i/ole  nilrale  l2'(  ) cream  was  evaluated  in  the 
treatment  ol  superficial  mycoses.  Out  of  I 16  patients  having 
multiple  clinical  diagnoses,  66  cases  were  found  to  be 
positive  by  culture  .Species  of  Truiuiphylon  were  the 
predominant  etiological  agents  (in  over  60'-< ) followed  by 
Ciiiululti  species  (20‘il  and  Eputermophyum  floccosum 
( I.S'i  I.  All  the  cases  selected  for  study  were  followed  up  to  a 
,eriod  of  4- IS  months.  A cure  rate  of  94.6  per  cent  was 
observed  in  all  the  cases  where  causal  organisms  were 
isolated.  Significantly  high  cure  rate  (bbOf ) was  also  seen  in 
cases  where  causal  organisms  could  not  be  isolated, 
including  cases  of  tinea  versicolor.  Results  of  mycological 
examination  were  in  confirmily  with  the  clinical  results. 

Introduction 

Miconazole  nitrate  has  been  shown  to  have  a broad-speetrum 
of  in  vitro  antimicrobial  activity.  It  inhibits  the  growth  of 
dermatophytes,  pathogenic  and  nonpathogenic  yeasts  and 
gram-positive  bacteria  (2,  4.  II,  15),  Its  effective  therapeutic 
use  as  a topical  applicant  in  treating  skin  and  nail  infections 
and  in  vaginal  candidiasis  has  been  recognised  (1,  3,  5.  10, 
12,  13,  14).  Its  use  under  tropical  conditions  in  India 
necessitated  a clinical  and  mycological  evaluation  in  a 
random  population  of  patients. 

* Read  at  the  Symposium  on  Human  Mycoses  and  Mico- 
nazole held  in  New  Delhi,  India,  February,  1975. 


Patients  and  methods 

Cases  were  selected  from  those  attending  a local  hospital, 
who  consented  to  take  the  treatment  and  to  report 
periodically  for  examination.  Irrespective  of  their  age.  sex. 
sev  erity  and  duration  of  infection,  w ith  or  w ithout  the  history 
of  prev  ious  treatment  w ith  available  antifungal  agents,  each 
patient  was  supplied  with  miconazole  nitrate  in  the  form  of 
2*^  cream  in  collapsible  tubes.  Each  patient  was  asked  to 
smear  the  lesions  with  the  cream  at  lea.st  twice  a day.  During 
the  night  the  drugsmeared  areas  were  covered  with 
butterpaper  (occlusive  method)  and  bandaged.  The  extent 
and  severity  of  the  lesions  w ere  recorded  and  photographs  of 
few  eases  were  taken  before  and  after  cure.  Patients  were 
examined  once  in  a week  and  at  each  attendance  the  skin  and 
nail  scrapings  were  collected  by  the  dermatologists  and 
examined  by  microscopy  and  culture  in  the  laboratory. 

Several  representative  pieces  of  skin  and  nail  scrapings 
were  examined  microscopically  for  the  presence  of  fungal 
elements  after  digesting  with  10  per  cent  potassium 
hydroxide.  Sabouraud's  glucose  agar  supplemented  with 
chloramphenicol  (0.04'J)  and  cycloheximide  (0.59f ) was 
inoculated  with  skin  and  nail  scrapings  and  ineub.ited  at  30°C 
for  three  weeks,  to  isolate  dermatophytes  and  yeasts. 

Miconazole  treatment  was  continued  for  30  days  after  the 
clinical  cure  and  later  discontinued.  At  each  attendance 
patients  were  questioned  as  to  adverse  reactions  to  the 
preparation  they  were  using  and  whether  they  found  the 
preparation  acceptable.  An  attempt  was  made  to  follow-up 
all  the  patients  for  a periixl  of  4-18  months. 
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Fit!.  I.  Fliicact  nt  niknna/olc  in  tinea  cnrporis  ini'ections. 

Results 

One  hiintiretl  aiul  sixteen  patients  with  multiple  diaenoses 
were  seleeted  liir  the  studt . Fiehtv  elinieal  diaenoses  Irtnn 
patients  yielded  lungi  upon  eulture  iTable  I ).  .A 
signilieantK  high  percentage  ol  incidence  was  observed  in 
the  age  group  ot  16-45  years  who  were  young  and  healthy  . 
The  percentage  ilistribution  ol  these  cases  according  to  the 
se\  was  as  follows  - males  75.  I'emales  21  and  children  .7. 

I he  results  on  the  elticaey  of  mieona/i'le  treatment  in 
cases  which  were  positive  hy  culture  are  shown  in  Table  2. 


Table  I.  Superficial  mycotic  cases  taken  for 
miconazole  treatrient 


No . of 
pat ients 

No.  of 
clinical 
d i agnoses 
encountered* 

Total  number  of  cases 

selected  for  miconazole 

t reatment 

1 16 

Ikl 

Number  of  cases  positive 
by  culture 

66 

80 

Number  of  cases  not  positive 

either  by  microscopy  or  by 

50 

61 

culture 


* Some  patients  had  more  than  one  type  of  clinical 
lesions 


Table  2.  Efficacy  of  miconazole  'reatment  in  superficial  mycoses 
caused  by  dermatophytes  and  yeas's 


Clinical 

No.  of 

Organisms  isolated 

Cured  Mot  Mot 

dlagnosey 

cases  en- 
countered 

(Nos.) 

Cured  traced 

t inea  crur i % 

29 

ir*-  (12) 

.••.•..•‘.-V-  (8) 
spp.  (fc) 

. "V  ; nk  tea 

(1) 

(<<) 

29 

t inea  c i rc inata 

19 

r.  r-</r*r  (12) 

• . a-  (2) 
“.•nvitfi?  spp.  (I) 

2jr  f '!.•  *t  e 
. . : i.tyAr.  (1) 

■•f.  :a  (\) 

(2) 

16  - 3 

t 

t i nea  corporis 

1 1 

r-Air^  (7) 

Hf  rtj..;/*' ; « 

ik) 

11 

tinea  pedis 

5 

r.  rulrur  (1) 

F.  weup!  (I) 

iT-.-fcu-  (1) 

Cmdid.!  spp.  (2) 

U 1 

tirtea  manum 

1 

E.  (1) 

1 

intertrigo 

U 

E.  :'2, ''.'.'Sat.  (1) 
'■mdidi  spp.  (3) 

3 - ' 

onychonycos i S 

6 

J'ay.diij  spp.  (f*) 

7.  (1) 

r.  rubr-c-  (1) 

3 2 1 

t i nea  axilla 

1 

7'zn:1idj  spp.  (1) 

1 

ker ion 

2 

r.  "vnttz.7rv  j 

7.  'jioiacvur  (1) 

(1) 

2 - - 

t inea  cap! t i s 

1 

'anJida  spp.  (1) 

1 

tinea  barbae 

1 

7.  tn'!?7iJfV4r:  (1) 

1 

Total 

80 

71  9 5 

Fol low- up  peri 

od  was  Ifl8 

months.  Drug  effect 

: Cured  71  '75  “ 9‘*-6t.  Not 

cured  5/75  - 7» 

Out  of  SI)  clinical  diagnoses  w here  organisms  were  isolated, 
tinea  cruris  accounted  for  29.  followc’d  by  tinea  eircinale  in 
19  and  tinea  corporis  in  1 1 cases.  Ony  chomycoses  and  tinea 
pedis  together  accounted  lor  1 I eases.  Though  tinea  cruris 
infections  were  caused  by  a variety  of  etiological  agents  like 
species  of  Trii  luiitlivioii.  Epiili'i  mitphylun  JloccdMim  auc.' 
Cdiulidii  spp  . all  the  cases  were  completely  cured  by 
mict'ita/ole.  Similarly  over  90  percent  cure  rale  was  seen  in 
tinea  circinala  and  tinea  corporis  infections  In  tinea  pedis 


Table  3.  Efficacy  of  miconazole  in  the  treat- 
ry'nt"  of  superficial  mycotic  cases  where 
etiological  agent  was  not  isolated 


N(HKII4-71-C'-034y  is  j!ialelull\  ackmm Icdjtcd.  Aulhors 
wish  lo  iliank  lilhnnr  Lul  . Buiiihas.  India  lor  the  suppK  of 
niicona/olc  croani 


Clinical 
d i agnoses 

Tota  1 

Cured 

Not 

cured 

Not 

traced 

t i nea  cruris 

14 

12 

2 

- 

t i nea  c i rc i nata 

10 

7 

2 

1 

tinea  corporis 

6 

5 

- 

1 

tinea  pedis 

4 

1 

3 

- 

tinea  manum 

6 

- 

5 

1 

tinea  intertrigo 

4 

1 

- 

3 

onychomycos i s 

6 

2 

3 

1 

t i nea  axilla 

2 

1 

1 

- 

t i nea  cap i t i s 

1 

1 

- 

- 

tinea  versicolor 

8 

6 

2 

Total 

61 

36 

18 

7 

■••Follow-up  period  was  4-18  months 

and  onvthoniycoscs  where  Ctiiululti  spp.  were  mostly  the 
causal  oreanisnis.  mieona/ole  treatment  showed  complete 
cure  in  70  per  cent  of  the  eases.  When  all  the  75  clinical 
diagnoses  were  taken  into  account,  the  cure  rate  was  94.6  per 
cent. 

•\  high  cure  rale  Iboff ) was  not'ica}  even  in  cases  vr  here 
causal  organisms  could  not  he  isolated  ( Tahle  .5). 


Comments 

Species  of  Trichnphylnn  were  encountered  in  mtijority  of 
eases.  T.  rnhriini  being  the  most  dominant  etiological  agent, 
causing  the  infections  in  groin  and  the  eorporial  regions  of 
the  body.  Topically  applied  mieona/ole  was  found  to  be 
highly  effective  in  the  treatment  of  infections  caused  by  both 
dermatophytes  and  yeasts  as  shown  by  clinical  and 
myeological  examinations  during  the  treatment  and 
follow-up.  There  were  no  reports  of  relapse  after  the 
discontinuation  of  the  mieona/ole  treatment  during  the 
follow-up  period  ranged  from  4-1 S months  or  of  adverse  side 
effects  w ith  the  use  of  mieona/ole  cream.  These  findings  are 
in  conformity  with  the  prior  reports  of  the  efficacy  of  the 
mieona/ole  in  curing  superficial  mycoses. 
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Miconazole  nitrate  [l-(2,4-dichloro->i-(2,4-di- 
chlorobenzyloxy )phenethyl) imidazole  nitrate],  a 
recently  discovered  synthetic  imidazole  derivative,  is 
a potent  antifungal  drug.  The  drug  is  clinically  used 
in  the  treatment  of  superficial  mycoses  (including 
those  of  Candida  species)  and  systemic  mycoses. 

Though  the  chemotherapeutic  usefulness  of  nioona- 
zole  has  been  well  documented,  the  mechanism  by  which 
it  inhibits  the  growth  of  susceptible  organisms  is  not 
known.  Hence,  investigations  have  been  carried  out  to 
elucidate  its  molecular  basis  of  action.  The  main 
objectives  are  to  relate  the  biological  effects  of  the 
drug  on  sensitive  cells  to  the  interaction  between  the 
drug  and  its  biochemical  target  in  the  cells  and  ulti- 
mately to  explain  these  interactions  in  molecular 
terms.  Secondly,  these  studies  would  explain  the 
basis  of  selective  toxicity  of  the  drug.  A detailed 
understanding  of  the  antifungal  action  of  the  drug  at 
the  molecular  level  may  generate  new  ideas  for  the 
design  of  entirely  novel  drugs.  Further,  the  drug  can 
be  used  as  a probe  to  understand  in  detail  the  bio- 
chemical processes  which  it  inhibits. 

With  the  above  objectives  in  mind  investigations 
have  been  made  using  three  different  biological  syst- 
ems. These  are;  (a)  cells  of  Candida  albicans,  a 
pathogenic  yeast,  (b)  mammalian  erythrocytes,  and 
(c)  rat  liver  lysosomes.  Miconazole  inhibits  the 
growth  of  C.  albicans  by  impairing  the  cell  membrane 
function  resulting  in  the  loss  of  intracellular  mater- 
ials (pages  34-39).  A close  correlation  is  observed 
between  the  loss  of  intracellular  materials  and  loss 
of  viability  of  cells.  The  uptake  of  labeled  precur- 
sors and  their  incorporation  into  DNA,  RNA , protein 
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and  lipid  are  inhibited  by  miconazole  as  a result  of 
cell  membrane  damage  caused  by  the  drug.  Further,  the 
drug  brings  about  hemolysis  of  mammalian  erythrocytes 
by  direct  interaction  with  the  erythrocyte  membrane 
(pages  40-45).  Miconazole  binds  strongly  to  membrane 
lipoprotein  fractions.  Miconazole-induced  hemolysis 
is  inhibited  by  serum  and  the  serum  components  res- 
ponsible for  the  inhibition  have  been  identified  as 
IgO  and  albumin.  Studies  have  been  extended  further 
to  examine  the  effect  of  miconazole  on  sub  cellular 
membr.anes  using  rat  liver  lysosomes  as  a model  system. 
Miconazole  exerts  a profound  effect  on  the  lysosomal 
membrane  and  causes  release  of  lysosomal  enzymes 
(pages  46-50).  The  results  obtained  so  far  clearly 
reveal  that  the  drug  interacts  with  both  cellular  and 
subcellular  systems  and  impairs  their  membrane  struc- 
ture and  function.  The  interaction  of  miconazole  with 
the  membrane  constituents  present  in  these  divergent 
biological  systems  brings  about  disorganization  of  the 
structure  of  membranes  to  an  extent  that  they  lose 
their  properties  as  permeability  barriers. 

A major  achievement  in  these  studies  is  that  the 
biochemical  target  for  the  drug  has  been  identified 
as  membrane  in  both  cellular  and  subcellular  systems. 
The  present  approach  to  study  the  molecular  basis  of 
action  of  miconazole  using  three  different  biological 
systems  has  yielded  a more  comprehensive  view  of 
biological  action  of  the  drug.  These  studies  further 
show  that  the  drug  interacts  with  divergent  biological 
systems  such  as  yeasts,  erythrocytes  and  lysosomes. 
Further  studies  on  the  characterization  of  the  binding 
site  of  the  drug  on  the  membrane  and  also  its  inter- 
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action  with  model  membranes  will  provide  a greater 
insight  into  the  understanding  of  the  action  of  micona- 
zole and  would  throw  more  light  on  the  subject  of 
membrane  biochemistry  itself.  These  studies  are  in 
progress. 
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The  antifungal  drug,  micr  nazole  nitrate,  inhibits  the  growth  of  several  species 
of  Candida.  Candida  albicans,  one  of  the  pathogenic  species,  was  totally 
inhibited  at  a concentration  of  approximately  10  pg/ml.  Endogenous  respiration 
was  unaffected  by  the  drug  at  a concentration  as  high  as  100  pg/ml,  whereas 
exogenous  respiration  was  markedly  sensitive  and  inhibited  to  an  extent  of  85%. 

The  permeability  of  the  cell  membrane  was  changed  as  evidenced  by  tbe  leakage 
of  260-nm  absorbing  materials,  amino  acids,  proteins,  and  inorganic  cations.  The 
results  we  present  clearly  show  that  the  drug  alters  the  cellular  permeability,  and 
thus  the  exogenous  respiration  becomes  sensitive  to  the  drug 


Miconazole  nitrate  (l-(2,4-dichloro-d-(2,4- 
dichlorobenzy  loxy)  phenet  hy  1 ) im  idazole  n it  rat  e ] 
is  a potent  antifungal  drug  (4),  the  structure 
of  which  is  shown  in  Fig.  1.  The  drug  was 
obtained  as  a gift  sample  through  the  cour- 
tesy of  Ethnor  Ltd.,  Bombay.  India.  It  is  a 
white  microcrystalline  powder,  has  a molecular 
weight  of  479,  and  is  soluble  in  50%  etbanol  on 
warming. 

Miconazole  has  a broad  spectrum  of  in  vitro 
antimicrobial  activit/.  It  inhibits  the  growth  of 
dermatophytes,  namaly,  species  of  Trichophy- 
ton. Microsporum,  and  Epidermophyton,  pa- 
thogenic and  nonpatnogenic  yeasts,  and  gram- 
positive bacteria  (4,  1.2).  Its  effective  therapeu- 
tic use  as  a topical  applicant  in  treating  skin 
and  nail  infections  m man  and  in  vaginal 
candidiasis  has  been  reported  (2,  5,  16,  18). 
However,  the  mode  of  action  of  this  drug  has  not 
yet  been  elucidated.  In  this  paper  we  report  our 
findings  on  the  effect  of  miconazole  on  respira- 
tion and  cell  permeability  of  a pathogenic  strain 
of  Candida  albicans,  Z248. 

MATERIALS  AND  METHODS 

The  microorganisms  used  in  this  study  were  ob 
tained  from  the  following  sources;  Candida  albicans 
Z248,  C.  parapsilosis  Z40,  C.  pseudotropicalis  Z27, 
C.  krusei  Z70,  C.  tropicalis  Z156,  C.  pelliculosa  Z220, 
and  C.  guilliermondii  Z55,  Mycological  Reference 
Laboratory.  London  School  of  Hygiene  and  Tropical 
Medicine,  London;  C.  albicans  502/9,  C.  intermedia 
512/9  and  C.  tropicalis  .502/7,  V.P.  Chest  Institute, 
New  Delhi,  India.  Cultures  were  maintained  on  Sa- 
bouraud  glucose  agar  slants. 


Cell  growth.  For  growth  studies  both  Sabouraud 
glucose  medium  containing  2%  glucose  and  1%  Difco 
neopeptone,  and  synthetic  medium  containing  2% 
glucose,  0.3%  (NH,),SO.,  0.3%  KH.PO.,  0.1% 
MgSO,  7H,0,  0.1%  CaCl,  2HiO.  and  30  ;ig  of  biotin 
per  liter  were  used.  The  inoculum  was  prepared  by 
growing  the  cells  in  250-ml  Erlenmeyer  flasks  contain- 
ing 100  ml  of  medium  for  18  h on  a rotary  shaker  (200 
rpm)  at  30  C. 

Growth  inhibition  studies  were  carried  out  in  100 
ml  of  Sabouraud  or  synthetic  medium  in  250-ml 
Erlenmeyer  flasks  with  side  arms.  Required  volumes 
of  miconazole  (dissolved  in  50%  ethanol)  were  added 
aseptically  to  the  medium  to  give  various  drug  con- 
centrations. The  flasks  were  inoculated  with  0.1  ml  of 
an  18-h  culture  of  the  organism  grown  in  the  same 
medium.  Control  flasks  contained  equal  volumes  of 
50%  ethanol.  They  were  incubated  at  30  C on  a rotary 
shaker,  and  the  growth  was  measured  in  a Klett-Sum- 
merson  colorimeter  using  a no.  42  filter. 

Cell  viability.  The  viability  of  the  cells  was  deter- 
mined by  serially  diluting  the  samples  with  NaCl- 
peptone-water  (0.5%  NaCl,  0.1%  peptone).  A portion 
(0.1  ml)  of  the  diluted  sample  was  thoroughly  mixed 
with  2 ml  of  molten  soft  agar  (1.0%  peptone,  0.5% 
NaCl,  and  0.7%  agar)  at  45  C and  poured  over  the 
surface  of  Sabouraud  glucose  agar  plates.  The  plates 
were  incubated  for  48  h at  30  C. 

Respiration  studies.  Studies  on  respiration  were 
carried  out  using  standard  manometric  techniques 
(17).  Cells  grown  in  Sabouraud  glucose  medium  for  18 
h were  harvested  and  washed  three  times  with  physio- 
logical saline  and  suspended  in  0.05  M phosphate 
buffer,  pH  7.0.  Warburg  flasks  contained  in  a final 
volume  of  3.2  ml:  50  Mtnol  of  phosphate  buffer,  pH  7.0, 
50  >imol  of  glucose,  and  1 ml  of  cell  suspension  (12  mg 
dry  weight)  in  the  main  compartment.  The  center 
well  contained  0.2  ml  of  20%  KOH.  In  the  aide  arm  of 
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Fig.  1.  Structure  of  miconazole.  I-(2,4-dichloro- 
$-(2,4-dichlorobenzyloxy)phenethylMmidazole  m- 
trate. 


the  flask,  0.5  ml  of  drug  at  appropriate  concentration 
was  taken  and  the  control  flasks  contained  0.5  ml  of 
50%  ethanol.  The  flasks  were  equilibrated  for  10  min 
at  30  C,  and  the  oxygen  uptake  was  measured  after 
the  miconazole  was  tipped  from  the  side  arm. 

C«U  permeability  itudiee.  For  these  studies,  cells 
were  grown  in  Sabouraud  glucose  medium  either  in 
the  presence  or  absence  of  (”P)ortho-phosphoric  acid 
(Bhabha  Atomic  Research  Centre,  Bombay,  India)  at 
a concentration  of  0.4  <<Ci/ml.  After  18  h of  growth  on 
a rotary  shaker  at  .30  C,  the  cells  were  harvested  and 
washed  three  times  with  distilled  water  and  sut 
pended  in  the  same.  The  cells  were  exposed  to 
miconazole  at  various  concentrations  on  a rotary 
shaker  at  30  C.  At  different  time  intervals  samples 
were  removed  and  the  cell  exudates  were  obtained  by 
centrifugation.  The  cell  exudates  were  examined  for 
the  260-nm  absorbing  materials  by  measuring  the 
absorbance  at  260  nm,  proteins  were  determined  by 
the  method  of  Lowry  et  al.  (9),  and  amino  acids  were 
examined  by  the  modified  colorimetric  method  of 
Rosen  (13).  Potassium  and  sodium  were  estimated  by 
flame  photometry.  The  radioactivity  in  the  cell  exu- 
dates obtained  from  "P-labeled  cells  were  determined 
in  a Beckman  LS-lOO  liquid  scintillation  counter. 

RESULTS 

Suiceptibility  of  Candida  species  to  mi- 
conazole. Various  species  of  Candida  have  been 
screened  for  their  susceptibility  to  the  drug,  and 
the  minimum  inhibitory  concentration  (MIC) 
values  are  shown  in  Table  1.  Candida  species 
markedly  differed  in  their  susceptibility  to  mi- 
conazole. Whereas  C.  parapsilosis  and  C.  pseu- 
dotropicalis  are  highly  susceptible,  species  like 
C.  pelliculosa,  C.  guilliermondii,  C.  intermedia. 


and  C.  tropicalis  needed  l.OOO-fold  higher  con- 
centrations for  their  complete  inhibition.  In  all 
the  studies  described  below,  a pathogenic  strain 
of  C.  albicans,  Z248,  has  been  used.  The  growth 
patterns  in  Sabouraud  and  synthetic  media  and 
their  inhibition  by  miconazole  are  shown  in  Fig. 
2.  At  10  <ig/ml  the  growth  was  almost  com- 
pletely inhibited  in  Sabouraud  medium, 
whereas  at  1.0  and  0.1  *ig/ml  the  effect  was  only- 
partial.  In  the  synthetic  medium,  the  inhibitory- 
effect  of  the  drug  was  markedly-  reduced.  Only 
50%  inhibition  was  noticed  at  10  ^g/ml. 

Effect  of  miconazole  on  cell  viability.  The 
inhibition  of  growth  of  C.  albicans  in  Sabouraud 
glucose  medium  was  paralleled  by  a decline  in 
the  number  of  viable  organisms  (Table  2).  The 
viability  of  cells  is  affected  both  by  increasing 
the  drug  concentration  and  by-  prolonging  the 
time  of  contact.  At  the  2.5  ng/ml  level,  more 
than  60%  of  cells  were  killed  within  4 h,  and  at 
the  end  of  12  li  of  exposure  the  viability  loss  was 
81%.  Doubling  the  drug  concentration  had  not 
increased  the  effect  significantly.  However,  at 
10  pg/ml,  nearly  100%  loss  in  viability  was 
observed  by  4 h. 

Effect  of  miconazole  on  reapiration.  The 

effect  of  miconazole  on  endogenous  respiration 
of  unstarved  and  starved  cells  and  exogenous 
respiration  is  shown  in  Fig.  3.  The  freshly- 
harvested  cells  of  C.  albicans  showed  a very- 
high  level  of  endogenous  respiration,  and  this 
level  was  not  affected  markedly  by  miconazole. 
Only  at  100  pg/ml  did  it  show  a slight  inhibi- 
tion, and  at  500  «g/ml  it  showed  30%  inhibition. 
On  prolonged  shaking  of  the  cell  suspension  for 
6 h at  30  C on  a rotary  shaker,  the  endogenous 
respiration  was  markedly  reduced.  Even  on 
these  starved  cells  the  drug  failed  to  show-  any 
effect.  When  the  endogenous  respiration 

Table  1.  Susceptibility  of  Candida  species  to 
miconazole 


Organism  MIC  ((tg/mll* 


Candida  parapsilosis,  Z40 0.01 

C.  pseudotropicalis,  Z27 0.01 

C.  krusei,  Z70 0.1 

C.  tropicalis,  Z156 0.1 

C.  albicans,  Z248  1.0 

C.  albicans,  502/9  1.0 

C.  pelliculosa,  Z220  10.0 

C.  guilliermondii,  Z55  10.0 

C.  intermedia,  512/9  10.0 

C.  tropicalis,  502/7  10.0 


“The  MIC  was  determined  in  Sabouraud  glucose 
broth  by  serial  tube  dilution  method.  All  the  values 
are  from  duplicate  determinations. 
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tig  of  drug  per  ml,  and  the  inhibition  exceeded 
over  80'^'  at  100  tig  of  miconazole  per  ml.  Total 
inhibition  of  glucose  utilization  was  noticed  at 
500  tig  of  miconazole  per  ml. 

Effect  of  miconazole  on  cell  permeability. 
The  leakage  of  various  cellular  constituents  like 
260-nm  absorbing  materials,  proteins,  and 
amino  acids  as  affected  by  miconazole  is  shown 
in  Fig.  4.  There  was  very  little  leakage  of 
260-nm  absorbing  materials  when  cells  were 
exposed  to  25  tig  of  drug  per  ml.  Concentrations 
above  25  ^g/ml,  however,  brought  about  leak- 
age, and  it  increased  with  time.  But  the  max- 
imum leakage  occurred  during  the  first  30  min 
of  drug  exposure.  Appreciable  amounts  of  leak- 
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•Cells  of  C.  albicaru  (2  x 10’  cells)  (10  h old)  were 
inoculated  into  100  ml  of  Sabouraud  glucose  broth  in 
2.50'ml  Erlenmeyer  flask.')  and  incubated  on  a rotary 
shaker  at  30  C.  Samples  were  removed  at  indicated 
time  intervals  and  plated  as  described  in  Materials 
and  Methods.  Colony  counts  were  made  after  48  h of 
incubation  at  30  C. 

was  high,  the  addition  of  glucose  had  not 
increased  the  oxygen  uptake.  Hence,  the 
starved  cells  were  used  in  glucose  utilization. 
Glucose  utilization  was  inhibited  by  30%  at  10 
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Fig.  3.  Effect  of  miconazole  on  respiration  of  C. 
albicans.  Endogenous  respiration  of  unstarved  cells 
(A)  and  starved  cells  (B).  Exogenous  respiration 
(glucose)(C).  Symbols:  O,  control:  •,  10  ng/m(,  A, 
100  ug/ml:  A,  500  iig/ml. 
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Fkj.  4.  Effect  of  miconazole  on  the  leakage  of 
260-nm  abiorbing  materials  (A),  proteins  IB),  and 
amino  acids  (C)  from  the  cells  of  C.  albicans  (7.5  x 
70*  cells/ml).  Symbols:  •,  control;  O,  25  ag/ml;  ▲,  50 
aglml;  A,  75  ag/ml;  O,  700  aglml. 

age  continued  to  occur  as  the  time  of  exposure  to 
drug  was  prolonged.  The  leakage  of  proteins  (B) 
also  showed  the  same  pattern  as  260-nm  absorb- 
ing materials.  But  at  higher  concentrations,  the 
leakage  increased  with  time,  and  the  maximum 
leakage  occurred  within  30  min  of  drug  expo- 
sure. Leakage  of  amino  acids  (C)  also  followed 
the  same  pattern  as  in  the  case  of  260-nm 
absorbing  materials  and  proteins. 

The  effect  of  drug  on  the  leakage  of  potassium 
and  sodium  is  shown  in  Fig.  5.  The  leakage  of 
these  two  cations  showed  different  patterns. 
Miconazole  failed  to  cause  any  leakage  of  K* 
ions  at  10  and  25  pg/m\.  At  50  Mg/ml  the  drug 
brought  about  marked  efflux  of  K*  ions.  A 
small  amount  of  Na*  ions  came  out  from  cells  of 
C.  albicans  in  the  absence  of  drug.  In  the 
concentration  range  of  10  to  25  pg/ml,  the 
drug  enhanced  this  leakage  by  two-  to  three- 
fold. Further  increase  in  the  drug  concentration 
failed  to  bring  about  increased  leakage. 

The  leakage  of  ”P-labeled  cellular  constitu- 


ents is  shown  in  Table  3.  The  leakage  is 
expressed  in  terms  of  counts  per  minute  per 
milligram  (dr>'  weight)  cells.  The  total  ”P  taken 
up  and  incorporated  by  the  cells  during  growth 
amounts  to  3 x 10“  counts  per  min  per  mg  (dry 
weight)  cells.  From  this  data  the  percentage  of 
leakage  of  "P-labeled  cellular  constituents  was 
calculated.  There  was  a very  little  leakage  of 
labeled  constituents  in  the  absence  of  the  drug. 
At  10  Mg/ml  the  leakage  was  increased  by 
10-fold.  Higher  concentrations  brought  about 


Fig.  5.  Leakage  of  Na^  and  K'^  from  the  cells  of  C. 
albicans  (2.5  x 70*  cells/ml)  exposed  to  micoruizole 
for  2 h. 


Table  3.  Effect  of  miconazole  on  the  leakage  of 
"P-labeled  cellular  constituents  from  the  cells  of  C. 
albicans 


Miconazole 

(Mg/ml) 

Radioactivity 
(counta/minl 
in  exudates  from 

1 mg  (dry  wt)  of 
cells* 

Leakage  of 
"P-Iabeled 
compounds  (‘I-) 

0 

130 

0.04 

10 

1,.340 

0.45 

100 

18.000 

6.0 

250 

124,000 

41.0 

500 

171,500 

57.0 

1,000 

182,400 

61.0 

‘ Radioactivity  of  3 x 10*  counts  per  min  per 
milligram  (dry  weight)  of  cells  before  exposure  to 
drug. 
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an  increasing  amount  of  leakage.  The  leakage  of 
57^  of  the  labeled  constituents  occurred  at  500 
Mg/ml.  A further  increase  of  the  drug  by  twofold, 
i.e.,  l.tKX)  /ig/ml,  has  resulted  in  only  slight 
increase  in  the  effect. 

Influence  of  divalent  cations  on  miconazole 

effect.  In  synthetic  medium  where  divalent 
cations  like  Mg’*  and  Ca’*  are  present,  the 
growth  inhibition  of  miconazole  is  less  as  com- 
pared in  Sabouraud  medium  (Fig.  2).  Whether 
these  divalent  ions  have  any  effect  on  the 
miconazole  action  was  examined  by  studying 
the  drug  effect  on  the  leakage  of  260-nm  absorb- 
ing materials  in  the  presence  of  increasing 
concentrations  of  either  Ca’*  or  Mg’*  (Fig.  6). 
Even  at  a very  low  concentration  of  Mg’*, 
namely,  1 mM,  the  miconazole  effect  was  re- 
duced by  approximately  34%  and  Ca’*  at  the 
same  level  reduced  the  effect  of  miconazole  by 
46%.  In  the  concentration  range  of  1 to  10  mM, 
Ca’*  exerted  higher  reversal  than  Mg’*.  At  10 
mM  level,  both  the  metal  ions  caused  a reversal 
of  82%,  and  further  increase  in  the  concentra- 
tion of  divalent  ions  had  no  increased  effect. 

DISCUSSION 

Data  presented  in  this  study  clearly  reveal 
the  potent  growth  inhibition  exerted  by  micona- 
zole on  various  species  of  Candida.  Although  all 
the  species  are  highly  susceptible  to  the  drug. 


Fig.  6.  Reversal  by  Mg”  and  Ca”  of  the  leakage 
of  260-nm  absorbing  materials  from  the  cells  of  C. 
albicans  (I. I x I(f  cells/ml)  exposed  to  miconaeole at 
a concentration  of  100  gg/ml  (0.2  mM). 


some,  namely,  C.  parapsilosis  and  C.  pseudo- 
trvpicatis,  are  1,000-fold  more  susceptible  than 
C.  pelliculosa,  C.  guilliermondii,  C.  intermedia, 
and  C.  tropicalis.  The  rapid  uptake  and  stronger 
binding  of  the  drug  molecules  by  the  highly 
susceptible  strains  are  possibly  responsible  for 
these  species  differences. 

The  activity  of  miconazole  is  affected  by  the 
media  composition.  In  the  synthetic  medium, 
the  decreased  effect  may  be  due  to  the  reversal 
caused  by  the  divalent  metal  ions  like  Ca’*  and 
Mg’*.  The  leakage  of  260-nm  absorbing  mate- 
rials from  cells  of  C.  albicans  is  brought  about 
by  miconazole.  This  effect  is  greatly  reduced  in 
the  presence  of  Ca’*  and  Mg’*  ions.  These 
divalent  cations  might  compete  with  micona- 
zole for  binding  sites,  thereby  reducing  the 
effective  concentration  of  drug  to  exert  its 
effects. 

Miconazole  failed  to  affect  the  endogenous 
respiration,  while  greatly  inhibiting  utilization 
of  glucose.  A wide  range  of  compounds  such  as 
amino  acids,  intermediates  of  citric  acid  cycle, 
and  fats  are  known  to  be  the  sources  of  endoge- 
nous respiration  in  microorganisms.  Hence,  the 
lack  of  miconazole  effect  on  endogenous  respira- 
tion suggests  its  inability  to  interfere  with  the 
oxidative  metabolism  of  these  substrates.  How- 
ever, its  potent  inhibition  of  glucose  utilization 
is  probably  at  the  level  of  substrate  uptake  by  ; 
damaging  the  integrity  of  the  cell  membrane. 

Literature  is  extensive  in  the  area  of  mem- 
brane active  antibacterial  (1,  3,  7,  10,  14)  and 
antifungal  agents  (8,  15).  By  affecting  the 
membrane  integrity  and  functions,  they  pro- 
duce an  initial  rapid  loss  of  high-  and  low- 
molecular-weight  metabolites  from  the  meta- 
bolic pool  within  the  cell.  Compounds  like 
phenolics  also  initiate  autolytic  enzyme  activity 
which  cause  extensive  breakdown  of  proteins 
and  nucleic  acids.  The  hydrolytic  products  of 
these  leak  out  from  the  cells  in  greater  concen- 
tration. Antifungal  antibiotics  like  polyenes 
specifically  combine  with  sterol  components  in 
the  membrane  of  susceptible  organisms,  result- 
ing in  the  structural  disruption  of  membrane 
and  the  loss  of  essential  metabolites  from  the 
cell.  The  data  presented  here  on  miconazole 
show  that  the  effect  is  on  the  cell  membrane  of 
the  organism.  There  is  very  little  autolytic 
action  in  the  untreated  cells.  But  miconazole 
brings  about  rapid  loss  of  essential  cellular 
constituents  like  proteins,  amino  acids,  nucleo- 
tides and  also  monovalent  cations.  Its  effect  on 
membrane  is  also  reflected  in  glucose  utiliza-  ‘ 
tion.  The  fact  that  miconazole  is  active  on  a 
wide  range  of  gram-positive  and  gram-negative 
bacteria,  besides  yeasts  and  dermatophytes, 
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clearly  reveals  its  binding  to  components  pres- 
ent in  all  these  structurally  divergent  microbes. 
The  effect  of  miconazole  is  probably  not  by 
binding  to  a specific  cell  membrane  component 
like  ergosterol,  the  site  where  polyenes  bind  to 
exert  their  effect. 

Antifungal  agents  exist  which  affect  the  cell 
membrane  and  its  permeability,  although  their 
primary  site  of  action  has  been  proved  to  be 
elsewhere.  Thus,  lomofungin  (6)  inhibits  the 
uptake  of  uracil  and  thymidine,  and  pyrrolni- 
trin  (11)  causes  the  leakage  of  260-nm  absorbing 
materials  from  the  cells. 

The  present  studies  suggest  the  effect  of 
miconazole  on  cell  membrane:  to  exclude  site(s) 
other  than  membrane,  further  studies  are  re- 
quired. 
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STUDIES  ON  THE  MECHANISM  OF  ACTION  OF 
MICONAZOLE  II.  INTERACTION  OF  MICC:)NAZOLi; 
WITH  MAMMALIAN  ERYTHROC  YTES 
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(Roivifi'i/  S Aiiiiiisl  1975:  aucpifil  2.f  Otliihcr  I975e 

Abstract  Interaction  of  mieona/olc.  an  antifungal  agent,  with  mammalian  ersthroeytes  has  been  stud- 
ied. Mieona/ole  brings  about  hemolysis  of  sheep  erythrocytes  and  .51)  per  cent  hemolysis  is  ohserted 
at  a drug  concentration  of  1-58  x It)  ■*  M.  I'he  drug-induced  hemolysis  is  dependent  on  drug:eell 
ratio.  Erythrocytes  from  dilTerent  species  do  not  show  any  signilieant  sariation  in  their  sensitisity 
to  miettna^ole.  The  uptake  of  mieonaitole  by  erythrocytes  is  very  rttpid  and  major  pttrtion  of  the 
drug  taken  up  is  associated  with  the  cell  membrane.  Mieona/ole  binds  mostly  to  membrane  lipoprotein 
fractions  containing  a lipid: protein  ratio  of  10.  Micona/ole-indueed  hemolysis  is  inhibited  by  serum 
and  the  serum  components  responsible  for  the  inhibition  have  been  identilied  as  albumin  and  IgCJ. 
Bovine  serum  albumin  is  found  quite  elfcctive  in  protecting  erylhroeyles  against  drug-induced  hemolysis. 
The  hemolytic  activity  of  mieona/olc  has  been  compared  with  polyene  antibiotics,  digilonin  and 
2-phcnclhylaleohol.  From  these  results  it  is  concluded  that  micona/ole  interacts  directiv  with  the  red 
cell  membrane  and  alters  its  permeability. 


Micona/ole  nitrate  [ I -(2.4-diehloro-/J-(2.4-diehlor(V 
ben/yloxy)  phenelhyllimida/ole  nitrate]  has  a broad- 
spectrum  of  activity  against  most  pathogenic  fungi 
and  Gram-positive  bacteria  [I  .^].  Its  effective  thera- 
pciitie  use  as  a topical  appliciint  in  treating  skin  and 
nail  infections  and  in  vaginal  candidiasis  has  been 
well  documented  [4  X]. 

Biochemiciil  and  electron  microscopic  studies  on 
the  mechanism  of  action  of  micona/ole  have  been 
reported  [9  llj.  The  drug  caused  a significant  in- 
crease in  membrane  permeability  in  cells  of  Caiulithi 
iilhiains  as  evidenced  by  a rapid  loss  of  intracellular 
materials  [9].  At  low  concentrations,  micona/ole  sel- 
ectively inhibited  the  uptake  of  purines  and  glutamine 
by  the  cells  of  C.  u/bicuii.v  [ 10].  Eleetron  microscopic 
examination  of  C.  alhiains  cells  exposed  to  micona- 
zole revealed  that  the  earliest  drug-induced  alter- 
ations are  seen  at  the  plasma  membrane  before  iiny 
other  cytoplasmic  organelle  seems  to  be  in- 
volved [I  I],  These  ftndings  clearly  reveal  that 
micona/ole  impairs  membrane  function  by  inducing 
selective  permeability  changes  in  the  cell  membranes 
of  sensitive  cells. 

In  an  attempt  to  determine  whether  the  action  of 
miconazole  on  membrane  permeability  is  restricted 
to  yeast  cells  or  has  a similar  action  on  animal  cells, 
its  effect  on  the  permeability  of  sheep  erythrocytes 
is  investigated.  The  present  paper  reports  a study  of 
viirious  aspects  of  interaction  of  micon;)/oIe  with  red 
blovxl  cells. 

MAI  KRIALS  AM)  Mt  IIIODS 

\tiilcruils.  C rystalline  bovine  serum  albumin,  chiv 
lesterol.  digitonin  and  sixlium  dixiecyl  sulphate  wen; 
purchased  from  Sigma  C hemical  Co..  St.  Louis, 
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li.S.A.  AEnphotericin  B and  nystatin  were  kindly 
donated  by  E.  R.  Squibb  and  Sons.  Inc..  Princeton. 
IJ.S.A.  Micona/ole  nitrate  was  a gift  sample  from 
Ethnor  Ltd..  Bombay.  India.  [■'H]Micona/ole  (sp.  act. 
292  3 ETiCi/m-mole)  was  a kind  donatioE)  of  Janssen 
Pharmaceutica.  Belgium, 

Erytlirocylc  prepunitkm.  Fresh  blood  frotn  healthy 
human  adults,  wistar  rats,  guinea  pigs,  rabbits  arid 
sheep  (for  non-nucleated  erythrocytcsl  or  from 
chickens  (for  nucleated  erythrocytes)  vveie  obtained 
using  Alsever's  solution  as  an  anticoagulant,  hiitnedi- 
ately  ;)fter  collection,  the  bkxxl  w;ts  centrifuged  at 
l.5(X)(/  in  a Sorvall  centrifuge  model  RC  -2B  for  lOtnin 
at  4 and  the  plasma  itnd  the  huffy  coat  were 
retTEOved.  The  packed  erythrocytes  were  washed  foitr 
titTECs  with  01.5  M NaC'l  (isotonie  saline)  followed  by 
centrifugation.  The  cells  ;ifter  the  last  wash  were  sus- 
pended in  (V 1 5 M NaC  I to  give  an  ery  throcy  le  suspen- 
sion containing  approximately  15  x 10'’  cells  ml  (by 
hemiKvtoEiieter  eount).  Lailess  otherwise  specilted.  all 
experiments  were  done  with  this  eell  suspension.  .Ali- 
qiEots  of  the  cell  suspension  were  pre-incubated  for 
1.5  min  at  ,J7  before  the  start  of  the  reaction. 

Mi'uswi'nii’iu  of  Iwniiilysis.  Hetiiolysis  was  deter- 
mined by  the  addition  of  01  ml  of  washed  etythro- 
eytes  to  4-9  ml  of  015  M NaC'l  (preincubated  at  .77 
for  I5tnin)  containing  micona/ole  (in  50"„  ethanol) 
at  various  coneetttrations.  Each  siimple  had  a (inal 
volume  of  5 ml  and  erythrvKyte  concentration  of 
.7  X lo'  cells  ml.  C ontrol  tubes  containing  apprw 
priate  quantity  of  ethanol  were  included  in  e;ich  ex- 
periment and  the  final  concentration  of  ethanol  it) 
all  the  samples  was  I per  cent.  .After  the  requirevi 
time  of  incubation  at  .77  , the  tubes  were  centrifuged 
and  the  hemoglobin  released  was  determined  by  me:i- 
suring  the  absorbance  of  the  supernatant  at  540  ntn 
in  a Beckman  miKlel-Or  spectrophototneter.  The 
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observed  in  eontrols.  Fo  determine  the  total  amounts 
of  intraeellular  hemoftlobin.  1)1  ml  of  eell  suspension 
was  Ksed  in  4S)ml  of  distilled  water  and  eentrifuyed. 
Fhe  su|x;rnatant  had  an  absorbanev  of  DStK)  at 
541)  nm.  Foss  of  hemoglobin  was  expressed  as  a per 
eentage  of  total  eellular  eontent  of  hemoglobin  in  the 
untreated  eells. 

( picikc  ()/  [ 'll  jmU  iiiuizolc.  [ 'lIlMieona/ole  tsp. 
aet.  i!‘)2  5 mC'i  m-mole)  was  diluted  with  unlabeled 
mieona/ole  to  aehieve  the  desired  molar  eoneen- 
tration  of  the  drui:.  This  diluted  solution  |4  x It)  ■* 
Ml  was  used  to  measure  the  uptake  of  mieona/ole 
at  dilferent  eoneentrations  in  0 15M  Nat  l 0(11  M 
sodium  phosphate  buH'er,  pH  7 4.  trylhrocytes  (1  6 x 
It)"  eells)  were  ineubated  at  37  with  dilferent  eoneen- 
trations of  [ 'H  |niieona/ole  dissolved  in  St)",,  ethanol. 
The  final  volume  of  eaeh  sample  was  4 ml  and  eon- 
tamed  4x  10'  eells  ml.  After  15  min  of  ineubation. 
3-ml  aliquots  of  eell  suspension  were  removed  and 
eentrifuged.  .Aliquots  (l(K)/(l)  of  supernatant  fraetion 
and  total  eell  suspension  were  spotted  on  Whatman 
3 MM  filter  squares,  dried  under  infrared  lamp,  and 
eounted  in  Beekman  LS-UX)  liquid  seintillation 
eounter  using  10  ml  seintillation  lluid  eontaining  0-4'’„ 
PPt)  and  t)(X)5"„  POPOP  in  toluene.  The  ditferenee 
between  the  eounts  in  the  supernatant  and  total  eell 
suspension  was  taken  as  the  amount  of  drug  taken 
up  by  the  eells. 

The  amount  of  mieona/ole  associated  with  the 
cytoplasm  and  bound  to  the  cell  membrane  was 
determined  in  the  following  way.  Cell  suspensionn  in- 
cubated with  ['Hlmicona/ole  (I  x 10  ' M)  was 
washed  twice  with  015  M NaCl  and  were  then  hemo- 
lysed  in  5in.M  sodium  phosphate  buffer.  pH  7-4.  An 
aliquot  (l(X)/il)  of  the  hemolysate  was  removed  for 
counting  and  the  remainder  was  centrifuged  at 
20.(XX)y  for  20  min  to  separate  the  red  cell  membrane 
from  the  cytoplasm.  Radioactivity  in  l(X)/d  of  the 
superntitant  fraction  (cytoplasmi  was  determined  ;is 
descTibed  above.  The  difference  between  the  amount 
of  drug  taken  by  the  cells  and  the  amount  in  the 
cytoplasm  is  taken  as  the  amount  of  drug  bound  to 
membranes. 

l‘ri’piii(ilion  (>1  erylhrocyle  mi’mhranes.  Sheep  eryth- 
rocyte membriines  were  prepared  by  the  procedure 
of  Dodge  et  u/.  [12J.  The  cells  were  washed  thrice 
with  015  M NaCI  by  centrifugation  at  15(XI(;  for 
10  min  at  4 . Membranes  were  prepared  by  the  osmo- 
tic lysis  of  washed  erythrocytes  by  tidding  10  volumes 
of  cold  6-5  mM  sixJium  phosphate  buffer.  pH  7-4  to 
I volume  of  packed  cells  and  mixed  with  ;i  mtignetie 
stirrer  for  15  min.  The  hemolysate  was  centrifuged  at 
.fO.tXXIi/  at  4 for  40 min  in  a Sorvall  centrifuge  model 
RC-2B.  Following  centrifugtition.  the  post  hemolytic 
residue  was  washed  four  to  six  times  with  the  stime 
butfer  and  a tinal  wash  with  isotonic  saline.  The  milky 
membrane  prepttration  thus  obtained  from  the  last 
cent rifugiit ion.  was  suspended  in  isi'tonic  sttline  to  a 
protein  concx-ntration  of  13mgmf 

Sohihilizulioii  nl  crylhroiyti’  mi’mhrani  s wul  </e/  /i/(- 
ralion.  Solubilization  of  erythriKyte  membranes  and 
subsequent  gel  liltration  was  done  according  to  the 
method  of  Zimmer  c'  .il.  [I3J.  Membrane  preparation 
containing  0 mg  protein  was  incubated  at  37  with 
0-55  ml  of  r„  sodium  drxiecyl  sulphate  for  .30  min. 
The  concentration  of  sodium  dixjecvl  sulphate  was 
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about  (Kimg  mg  of  membr;inc  protein.  t)()l5  /imoles 
of  1 '1 1 |micona/ole  contained  in  t)15M  \a(  I was 
then  added  and  the  final  volume  was  made  up  to 
2-5  ml  with  015  M NaC'l.  Ineubation  was  continued 
for  a further  .3(1  min  and  the  solubili/ed  membranes 
were  gel  liltered. 

Sephadex  (i-l(X)  column  (4K  x 1-201111  was  equili- 
brated with  0-5  M NaC'l  0(11  M I ris  IK  I.  pH  S4. 
Fhe  dissolved  membranes  were  layered  onto  the 
column  and  gel  liltration  was  carried  out  at  28  . Fnic- 
tions  of  about  1-51111  were  collected.  Fhe  fractions 
comprising  within  the  peak  at  2X0ntii  were  analysed 
for  protein,  lipid  and  radioactivity.  Protein,  phospho- 
lipid and  chole.sterol  were  determined  in  01  0-2-ml 
samples.  Radioactivity  in  0-l-nil  sample  was  deter- 
mined as  described  above. 

Inciihulkm  qi  scrum  ivitli  [ ■'H]/n/(  o/iiieo/e  wul  qcl 
lillrulion.  One  ml  sheep  serum  was  incubated  with 
[■'H  ]niicona/ole  (0-025 /mioles)  at  37  for  .30  min  and 
gel-liltered  at  28  on  Sephadex  0-200  column 
(53  X 2cm)  equilibrated  with  01  M NaC'l  ()()5  M 
sodium  phosphate  biilTer.  pH  7 4.  Fractions  of  3 ml 
were  collected  and  absorbancy  ;it  280  nni  ;ind 
radioactivity  determined. 

Aikilyliail  procahircs.  Protein  was  determined  by 
the  procedure  of  Lowry  ci  u/.  [I4J  with  crystalline 
bovine  serum  albumin  as  standard.  Membrane  lipids 
were  isolated  by  the  method  of  Bligh  and  Dycr[l5J. 
Lipid  phosphorous  was  determined  by  a niodilieation 
of  the  method  of  Bartlett  [ lb],  as  reported  b^  Mar- 
inetti [17]  and  phospholipid  was  estimated  by  multi- 
plying the  lipid  phosphorus  eontent  by  25.  C'liole- 
sterol  was  determined  bv  the  method  of  Cilick  cl 
a/.  [18]. 
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Micomizolc-iiuluccd  hemolysis.  The  time  eourse  of 
micona/ole-induced  hemolysis  of  sheep  erythrocytes 
is  shown  in  Fig.  la.  At  a mieona/ole  eonceiitr;itioii 
of  I X 10  M.  the  hemolysis  by  mieoii;i/ole  is  very 
rapid  and  the  rate  is  linear  up  to  2()min.  Complete 
hemolysis  resulted  in  40  min.  In  eoiitrol  tubes  con- 
taining ethanol  at  a tinal  concentration  of  L ,,  tcoii- 
ceiitration  equivalent  to  those  in  ex|-x.‘riiiiental  tuivs) 
hemolysis  is  less  than  0-5  |X'r  cent. 

The  effect  of  micon;t/ole  coiicx-ntration  on  the  in- 
itial rate  of  hemolysis  is  shown  in  Fig.  lb.  Fhe  cells 
are  incubated  with  various  eoneentrations  of  drug  for 
5min  at  37  . The  extent  of  hemolysis  is  markedly 
innucnccd  by  the  drug  coneentration.  I p to  a drug 
concentration  of  1-2  x 10  ■*  M the  rate  of  hemolysis 
is  very  slow  and  thereafter  increases  rapitlly.  Fhe  drug 
concentration  required  for  .5t)  per  cent  hemolysis  is 
1-58  X 10  M and  complete  hemolysis  oecurs  at  a 
concentration  of  2-2  x 10  ■*  M. 

The  loss  of  hemoglobin  from  the  erythrocytes  is 
dependent  not  only  on  the  concentration  of  micona- 
zole in  the  incubation  medium,  but  also  on  the 
number  of  erythrocytes  present  in  the  suspension. 
When  mieona/ole  eoncentratioii  is  held  constant,  and 
the  number  of  cells  |x’r  unit  volume  of  suspending 
nxxliiim  is  inereasetl.  the  hemolysis  is  progressively 
decreased  with  increasing  cell  concentration  (Fig.  2). 
The  hemolysis  is  only  (X)  ind  20  per  cent  at  erythro- 
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Kig.  I.  Micontizolc-indiiccd  hemolysis  of  sheep  ervthro- 
c>les.  (al  Time  course  of  hemolysis  of  sheep  erythrocytes 
hy  micona/olc.  Micona/ole  concentration.  I x 10  ■*  M.  (bl 
ITTect  of  miconazole  eoncenlralion  on  the  initial  rate  of 
hcmoKsis  of  .sheep  ervThrocvtes.  Incubation  time.  5 min  al 
37  . 

cytc  concentration  of  .3  x 10’  and  6 x 10’  cells  ml. 
respectively. 

L'lnuke  iiiul  ilislrihutiiiii  of  iiiicoiiazoie.  When  ery  th- 
rocytes are  incubtited  with  ['HJmieona/ole  at  non- 
hemolytic concentrations  for  1.3  min  at  .37.  the 
uptake  of  drug  by  erythrocytes  is  very  rapid  and  is 
linear  over  the  concentrations  tested  (Fig.  3). 
Measurements  of  its  upttike  by  red  cells  at  difl'erent 
concentrations  show  that  more  than  bO  per  cent  of 
the  drug  added  to  the  red  cell  suspension  is  tissocitited 
with  the  red  cells.  The  distribution  of  radioactivity 
in  cellular  fractions  of  erythriKytes  incubated  with 
f 'll|niicona/ole  was  studied.  The  major  portion  of 
the  radioactivity  taken  up  by  the  cells  (S.3"„|  is  found 
associated  with  the  cell  membranes. 

liiiiiliihi  ol  ( 'H  Iniicoiiiirole  lo  cnT/irociTc  iiieiiihiTiiie 
/riiiliivt.  When  sheep  erythriH.yte  membranes  are 
solubili/ed  with  sodium  dixiecyl  sulphate  and  gel  fil- 
tered on  Sephadex  Ci-KX).  the  partial  separation  of 
membrane  lipoproteins  is  achieved.  As  the  gel  lilt- 
ration  proceeds,  the  lipid: protein  ratio  changes  from 
above  I to  about  0-2.  This  separation  of  membrane 
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fig.  2.  FIfeet  of  sheep  -rytliroeyle  eoiieenl ration  on 
hemolysis  hv  inieona/ole.  Mieona/ole  concentration. 
1 X 111  ^ M. 


lipoproteins  indicate  that  the  lipoproteins  with  the 
higher  lipid  content  tire  eluted  (irst.  To  characterize 
the  micontizole  binding  site  on  membrai,es  the  solubi- 
li/ed membranes  are  incubated  with  [ 'Hjmicona/ole 
and  gel-filtered.  The  pattern  of  elution  of  lipoproteins 
and  radioactivity  tire  .shown  in  fig.  4.  TIte  radioacti- 
vity peak  coincided  with  the  membrane  lipoprotein 
peak  having  a lipid  :protein  ratio  of  1-0.  .\bout  9(1 
per  cent  of  the  total  radioactivity  present  during  the 
incubation  of  membranes  with  the  drug  got  eluted 
with  the  liproprotein  fractions  indicating  a strong 
binding  of  micona/ole  to  membrane  components. 

Inhihilion  of  Iwmolysis  hy  serum.  The  effect  of 
homologous  scrum  on  the  micona/.ole-induced  hemo- 
lysis of  sheep  erythrocytes  is  shown  in  Fig.  3,  The 
erythrocytes  are  preineubated  with  serum  and  the 
reaction  is  started  by  the  addition  of  micona/ole  to 
a final  concentration  of  1 x 10  M and  incubated 
for  20  min  at  37  . The  serum  has  a protective  action 
and  inhibits  the  miconazole-induced  hemolysis  even 
al  low  coneenlration.s.  At  0-2'’„  serum  level,  the  hemo- 
lysis is  inhibited  by  60  per  eeni  and  at  T'„  the  inhibi- 
tion is  more  than  90  per  cent. 


Miconozole  concentrolion , xlOf  M 

Fig.  3.  I'ptake  of  ['Hlmicona/olo  hy  sheep  erythrocytes. 
Inetibalion  lime.  1.3  mm  at  37  . 
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Kig.  4.  Binding  of  ['HJmiconazole  to  erythrocyte  mem- 
brane lipoprotein  fractions.  Erythrocyte  membranes,  solu- 
bilized with  sodium  dodecyl  sulphiite.  were  incubated  with 
[■'H Jmicona/ole  and  gel-filtered  on  Sephadex  G-lOO 
column.  .After  gel  liltration.  individual  fractions  were  ana- 
lysed for  radioactivity,  protein  and  lipid  content. 


To  chariictcfi/c  the  scrum  componcntlsl  respon- 
sible for  the  inhibition  of  tnieonazole-induced  hemo- 
lysis. serum  is  incubated  with  ['’HJmieonazole  and 
gel-tiltered  on  Sephadex  G-20()  (Fig.  6).  The  radioacti- 
vity of  the  drug  eluted  in  fractions  containing  IgG 
and  albumin.  .About  40  per  cent  of  the  total  radioacti- 
vity  is  found  in  IgG  fraction  and  60  per  cent  in  the 
albumin.  These  results  indicate  that  miconazole  binds 
to  serum  proteins  and  the  inhibitory  effect  of  serum 
on  hemolysis  is  a conseviucnce  of  miconazole  binding 
to  serum  proteins. 
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Fig.  6.  Binding  of  [ 'll Jmicona/ole  to  scrum  proteins.  One 
ml  sheep  serum  was  incubated  with  [ 'll jmicona/<ile  and 
gcl-liltered  on  Sephadex  G-2(X)  column.  .Alter  gel  liltration. 
each  fraction  was  analysed  for  absorbancy  at  2silnm  and 
radioactivity. 

Since  miconazole  binds  to  albumin  it  is  of  interest 
to  sec  the  hemolytic  activity  of  miconazole  in  the 
pre.sence  of  albumin.  Erythrocytes  are  preincubate’d 
with  various  amounts  of  bovine  serum  albumin  for 
30  min  at  37  before  the  addition  of  miconazole.  .As 
shown  in  Fig.  7 the  hemolytic  activity  of  miconazole 
is  inhibited  by  albumin  and  at  an  albumin  concent- 
ration of  04  mg  ml.  the  hemolysis  is  inhibited  Fy  6S 
per  cent.  The  hemoly  tic  activity  of  miconazole  is  par- 
tially retained  at  2 mg  ml  albumin  concentraiion. 

Relatiie  Iwmolylk  affeci  <if  micoiKizok'  com/iurci/ 
with  other  memhnme-aclive  ciriui.  For  comparison, 
the  elTect  of  other  membrane-active  agents  like 
polyene  antibiotics,  digitonin  and  2-phenethy  lalcohol 
on  sheep  erythrvK'ytcs  is  studied.  The  cells  are  incu- 
bated with  the  different  concentrations  of  each  drug 
for  5 min  at  37  and  from  the  graphic  plot  of  the 
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F-ig.  5.  Inhibition  of  micona/olc-iiuiiiccd  hemoivsi;.  of 
sheep  er)throc>les  b>  homologous  serum.  Mieona/ole  con- 
centration. lyin'*  M. 
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Bovine  serum  albumin  concentration,  mq/ml 
Fig.  7.  F-ffect  of  bo\ine  serum  albumin  conceniratiiMi  on 
hemolysis  of  sheep  er\throc\tes  h\  micona/»>le.  Micona- 
zole concentration.  I X 10  ■*  M 
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lo  lulx'sconlaining ililTcivnt  ci'iKcnlr.ilum'-  ol  Jmgs  iii- 
i.Ik'.iU\I  in  the  Uible.  ^hccp  er\lliroc>tcs  were  .iiMed 

lo  a linal  eoneentrallon  of  3 x III  eells  ml.  meiil'aled  lor 
5 mm  .11  .'7  and  immediatelv  eenlrihiyed.  Hie  hemoiilobm 
released  was  measured  as  deserihed  under  \1aierials  and 
Methoils.  Ampholeriein  H and  nsslatm  were  dissoKed  m 
dimelhsirormamide.  digitonln  in  ahsohile  aleohol  and  dihi- 
lions  of  2-phenlh>  laleohol  in  .sll"„  ellianof  I he  eonirol 
lubes  eonlained  Ihe  et|uivalenl  amoum  of  sohenis  m whieh 
ihe  drug  was  dissoKed. 

data.  Ihe  eoneeiU ration  of  eaeh  drug  needed  lo  bring 
ahoiil  blf',,  heniol>sis  is  ealenlated  As  shown  in  l able 
I.  digilonin  is  a more  poleni  henioKtie  agem  while 
2-pheneth>  laleohol  is  least  elleelise.  Digilonin. 
ainpholenein  B and  nsslatin  eause  .^11",,  henioKsis  at 
W).  17  and  I H-fold  lesser  eoneeniralion  than  niieona- 
/ole.  respcetivelv.  On  Ihe  other  hand.  2-pheneth>lal- 
eohol  rei|iiires  about  KiO-lold  higher  eoneeniralion 
lhan  niieona/ole  to  bring  ahoul  50'  ,,  heniol_\sis. 

Ilcnidlvtic  i’tlt'cl  (>l  niiidiuizdlc  on  eril/iroc  i/es  /roni 
Jiltcri'iii  s/ieiii  s.  1 r>  throes les  from  dilTerent  speeies 
are  examined  for  their  suseeptibilit>  to  niieona/'ole 
I Table  2|,  Ihe  washed  ersihrrxxtes  from  dilTerent  spe- 
eies are  ineubaled  with  dilVerent  eoneeiUralions  of 
mieona/ole  for  5 min  at  .17  and  from  a graphie  plot 
of  the  data,  the  hemolMie  value  eorresponding  to  .50",, 
hemoKsis  is  ealenlated.  Among  the  non-nueleated 
ersthroesles.  the  variation  in  their  suseeptihilitv  to 
mieona/ole-indueed  hemolvsis  is  not  verv  signitieant. 
lirvthroevtes  from  hamster  require  eomparativelv 
lower  eoneentration  (()■')  x 10  Mi  lhan  erythroeyles 
from  humans  whieh  require  a .f-fold  higher  eoneen- 
eenlralion  l2-7(i  x 10  ■*  M).  iTvthroeyles  from  guinea 
pig.  rabbits  and  sheep  are  suseeplible  to  Ihe  same 


Table  2.  Hemolytie  efleel  of  mieona/olc  on  erv ihroevtes 
from  dilferenl  speeies 


Concentraiuni  o!’ 

mieona/ole 

required  for  .‘iO", 

, hemoKsis 

I'r>lhroc\tc  source 

( X 10  ■* 

Ml 

Ra( 

1 IX 

Rabhil 

ITX 

(iiiinoa  pig 

1 54 

ll.imsicr 

0-90 

Sheep 

l^x 

Human 

2-7h 

( hieken 

1 4X 

Ihe  washed  ervihroevtes  l.V  x 10  eells  mil  from  dilTer- 
enl  speeies  were  ineubaled  with  dilTerent  eoneentralions 
of  mieona/ole  for  5 mm  at  T7  and  eenirifuged  immedi- 
•ilelv  Hemoglobin  released  was  measured  as  desenlx-d  un- 
der Materials  ami  Methods  Trom  the  graphie  plot  of  the 
data,  the  eoneeniralion  of  drug  required  for  50"„  hemolvsis 
was  ealeulalerl. 


exieiil  and  require  about  I 7-fold  lower  eoneentration 
lhan  human  erythroeyles.  Ihe  nueleated  erythroeyles 
from  ehieken  are  also  equally  sensitive  to  the  aetion 
of  mieona/ole  and  51)”,,  hemolysis  oeeiirs  at  a drug 
eoneentration  of  IMX  x If)  ■'  M. 

I)IS<  t SMON 

The  drug-indueed  hemolysis  of  red  eells  is  eurrenlly 
thought  to  oeeur  by  either  of  two  basie  meehanisms 
II')  22)  The  lirsi  involves  direet  interaetion  of  the 
drug  with  Ihe  red  eell  membrane  whieh  results  in 
ehanges  in  membrane  siruelure.  inereased  permeabi- 
lity, osmoiie  swelling  and  hemolysis.  In  the  seeond 
meehamsni.  the  drug  lirsi  penetrates  into  the  eell  in- 
terior where  it  interferes  with  eellular  metabolism  ulti- 
mately resulting  in  membrane  damage  and  hemolysis. 

I he  drug-indueed  hemolysis  in  Ihe  seeond  meehanisin 
may  be  due  to  en/yme  delieieneies,  unstable  hemoglo- 
bins or  immune  meehanisms  [2tl,  21  ]. 

Ihe  present  lindings  reveal  that  mieona/ole  has  a 
prolound  elTeet  on  erythroeyle  membrane  strueture 
and  brings  about  rapid  hemolysis.  This  raises  the  pos- 
sibility that  hemolysis  is  the  result  of  a direel  inlerae- 
lion  fvlween  mieona/ole  and  the  plasma  membrane 
of  the  erythroeyles.  A prerequisite  to  direel  alteration 
of  membrane  permeability  is  that  mieona/ole  must 
mierael  with  Ihe  eell  membrane.  Data  presented  in 
this  paper  show  that  [ ’ll  |mieona/ole  at  low,  non-he- 
molytie  eoneenirations  hinds  largely  to  the  red  eell 
membrane  and  thus  satisfying  a neeessary  eondition. 

Idenlilieaiion  of  Ihe  binding  site  on  the  erythroeyle 
membrane  surfaee  would  help  for  a better  under- 
standing of  the  meehanism  of  aelion  of  membrane- 
aelive  drugs.  In  our  elTorl  to  eharaeleri/e  the  mieona- 
/ole-hinding  site  on  the  erythroeyle  membrane,  it  has 
been  shown  that  mieona/ole  binds  to  membrane  lipo- 
proteins strongly  and  that  mieona/ole  binding  is 
maximum  in  lipoprotein  fraetion  eonlaining  lipid: 
protein  ratio  of  IT).  The  eoneentration  of  sodium 
dodeey  Isulphale  (Ofimg  SDS  mg  membrane  proleini 
employed  lo  solubili/e  the  membrane  in  the  present 
experiment  iUk’s  not  eause  any  loss  of  biologieal  ae- 
tivity  of  the  membrane  [ I .T  2.5],  and  no  disruption  of 
lipoprotein  strueture  of  the  membrane  is  evident  iTig. 
41.  The  present  experiments,  however,  do  not  indieate. 
the  dilTerential  binding  of  mieona/ole  to  either  lipid 
or  protein  part  on  the  membrane. 

The  proteetive  elTeet  of  serum  against  mieona/ole- 
indueed  hemolysis  apparently  results  from  the  bind- 
ing of  mieona/ole  lo  serum  proteins,  SK-riim  albumin 
is  found  quite  elTeetive  in  proteeting  ervthroeytes 
against  mieona/ole-indueed  hemolysis.  The  binding  of 
mieona/ole  to  serum  proteins  would  result  in  a reelue- 
tion  of  elVeelive  drug  eoneentration  lo  bring  about 
hemolysis  of  erythroeyles.  Several  drugs  are  known 
lev  hind  lo  albumin  in  the  serum,  but  the  binding 
of  mieona/ole  to  IgCi.  presented  in  this  paper,  raises 
two  possibilities.  It  may  be  either  due  to  the  binding 
of  mieona/ole  to  lg(i  itself  or  to  the  elution  of  albu- 
min dimers  formed  in  the  serum  along  with  IgCi.  In 
the  latter  ease  the  drug  primarily  binds  to  albumin, 
but  due  to  the  formation  of  albumin  dimers  the 
radioaetivity  appears  in  the  IgCl  peak. 

Polyene  antihioties.  whieh  have  Iven  extensively 
studied  for  their  membrane  damaging  properties. 
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have  heen  cumparcil  with  niiLona/olc  fur  their  hemo- 
Ivtie  aetivitv  Anmiig  the  polveiiex  aitiphoterieiit  H 
showed  higlter  henioKtie  elVeet  tlian  imeona/ole  and 
nvstatiii  showed  almost  ei|iial  ell'eet.  Diititomii,  a 
plant  saponin,  everts  higher  lienioivtie  aetivitv  titan 
mieona/oli.  I’olvenes  and  viponins  mdiiee  memhrane 
damage  hv  their  strong  Inndmg  to  eholesterol  in  the 
memhrane  1 24  2-Pheneth\  laleohol.  whieh  is 
known  to  impair  the  cell  membrane  limetion  in  bae- 
teria  .M|,  \easts[.VA].  riingi|,^6|.  tumor  eells[.^7| 
and  mammalian  ervthroevtes  [.ISJ.  showed  lower 
hemolvtie  tietivitv  than  mieon;i/ole. 

There  is  little  variation  in  the  hemolvtie  ell'eet  of 
mieona/ole  on  ervthroevtes  Irom  dill'erent  speeies  and 
it  Is  independent  of  the  presenee  or  tibsenee  of  a mie- 
leus.  The  basis  lor  the  reported  dilTerenees  in  the 
hemolvtie  tendenev  timong  s|veies  is  not  known  but 
variation  in  the  protein  ;md  lipid  eomposition  of  the 
red  eell  membrane  m;i>  aeeount  Uir  siieh  dilTeren- 
ees [.W  4b  J. 

On  the  basis  oT  the  results  presented  in  this  paper 
we  evinelude  that  mieona/ole  interaets  direetiv  with 
the  red  eell  membrane  and  brings  tibotit  permetibilitv 
alterations.  Though  mieona/ole  binds  to  membrane 
lipoproteins  strongiv.  the  ntiture  oT  this  interaetion 
is  not  known.  The  ehemiail  nature  of  the  drug  indi- 
cates ;i  possible  mode  oT  interaetion.  Since  the  drug 
is  hvdrophobie  in  nature,  the  interaetion  may  be  of 
a hvdrophobie  type  and  this  would  lead  to  an  impair- 
ment of  membrane  ITmetion.  f urther  studies  are 
needed  to  elucidate  this  aspect. 
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Miconazole,  a potent  antifungal  agent,  labilizes  rat  liver  lysosomes.  Its  labil- 
izing  effect  is  followed  by  measuring  the  release  of  lysosomal  hydrolases, 
namely,  acid  phosphatase,  /ii-glucuronidase,  and  arylsulfatase  A.  The  effect  of 
miconazole  is  concentration  dependent  in  the  range  of  10  •'  to  1 ,2  x 10  * M.  How- 
ever, at  higher  concentrations,  miconazole  inhibits  enzyme  release  but  does  not 
inhibit  enzyme  activities  per  se.  The  effect  of  miconazole  depends  on  the  drug/ 
lysosome  ratio  and  is  influenced  by  the  pH  of  the  incubation  media,  being 
minimal  at  alkaline  pH.  Membrane-active  drugs  such  as  nystatin,  2-phenethyl- 
alcohol,  hexachlorophene,  and  digitonin  have  been  compared  with  miconazole 
for  their  lysosome-labilizing  action.  The  effect  of  miconazole  on  the  lyso.somal 
membrane  is  confirmed  by  a decrease  in  turbidity  of  the  lysosomal  suspension. 


Miconazole  {l-12,4-dichloro-/J-(2,4-dichloro- 
benzyloxyl-phenethyllimidazole  nitrate}  has 
a broad  spectrum  of  antimicrobial  activity 
against  pathogenic  and  nonpathogenic  yeasts, 
dermatophytes,  numerous  saprophytic  fungi, 
and  gram-positive  bacteria  (13,  25,  31).  Chemo- 
therapeutic activity  of  miconazole  as  a topical 
applicant  is  well  documented  in  the  treatment 
of  skin  and  nail  infections  and  vaginal  candidi- 
asis (2,  5,  14,  29,  32).  Studies  on  the  mechanism 
of  biological  action  of  miconazole  have  been 
recently  reported  (9,  10,  28,  33;  K.  H.  Sreed- 
hara  Swamy,  M.  Sirsi,  and  G.  Ramananda 
Rao,  Biochem.  Pharmacol.,  in  press).  The  drug 
induces  leakage  of  intracellular  materials  from 
cells  of  Candida  albicans  (28),  and  at  low  con- 
centrations it  selectively  inhibits  the  uptake  of 
purines  and  glutamine  into  these  cells  (33). 
Electron  microscopic  examination  of  cells  of  C. 
albicans  exposed  to  miconazole  revealed  that 
the  earlie.st  drug-induced  alterations  are  seen 
at  the  plasma  membrane  (9,  10).  Further,  mi- 
conazole has  been  shown  to  induce  hemolysis  of 
mammalian  erythrocytes  and  binds  strongly  to 
erythrocyte  membrane  lipoproteins  (Sreedhara 
Swamy  et  al.,  in  press).  The.se  investigations 
clearly  indicate  that  the  paramount  feature  of 
the  biological  action  of  miconazole  is  its  inter- 
action with  cell  membrane  of  sensitive  orga- 
nisms, resulting  in  the  impairment  of  mem- 
brane function  and  eventually  cell  death. 

In  an  attempt  to  delineate  the  m(xle  of  action 
of  miconazole  on  cellular  and  organellar  mem- 
branes and  to  obtain  a more  comprehensive 
view  of  biological  action,  we  have  carried  out 
.studies  on  the  interaction  of  miconazole  with 


rat  liver  lysosomes.  The  pre.sent  paper  de- 
scribes the  effect  of  miconazole  on  the  integrity 
of  lysosomal  membrane,  providing  further  evi- 
dence that  miconazole  interacts  with  biological 
systems  by  impairing  membrane  function. 

MATERIALS  AM)  .METHODS 

Chemicals.  Miconazole  nitrate  was  a gift  sample 
from  Ethnor  Ltd.,  Bombay,  India.  Hexachlorophene, 
digitonin,  2-phenethylalcohol,  p-nitrophenylphos- 
phate,  p-nitrocatechol  sulfate,  phenolphthalein-/i-D- 
glucuronide,  Triton  X-100,  and  tris(hvdroxymethyl)- 
aminomethane  iTrizma  base)  were  purchased  from 
Sigma  Chemical  Co.,  .St,  Louis,  Mo.  Nystatin  was 
kindly  donated  by  E.  R.  Squibb  and  Sons,  Inc,, 
Princeton,  N.J.  All  other  chemicals  were  of  analyt- 
ical reagent  grade. 

Preparation  of  rat  liver  lysosomes.  Inbred  Wistar 
A/Iisc  rats  weighing  100  to  120  g were  killed  by 
cervical  dislocation,  and  the  liver  was  quickly  dis- 
.sected  out  into  ice-cold  0.15  M NaCl  (isotonic  saline). 
The  liver  was  washed  twice  with  0.15  M NaCl. 
weighed,  minced  finely  with  sci.ssors,  and  sus- 
pended in  0.25  M sucrose.  The  liver  was  homoge- 
nized in  0.25  M sucrose  (5  ml  of  solution  per  g of 
liver)  using  a Potter-Elvehjem  glass  homogenizer 
with  a motor-driven  Teflon  pestle.  The  homogenate 
was  first  centrifuged  at  1,500  x g in  a Sorvall  centri- 
fuge, model  RC  2-B,  for  10  min  at  4 C to  .sediment 
unbroken  cells  and  nuclei.  Tbe  .supernatant  was 
then  centrifuged  at  20.000  x g for  30  min,  and  the 
pellet  containing  the  lysosomes  was  suspended 
gently  in  0.25  M sucrose  to  give  a final  concentra- 
tion of  10  mg  of  protein  per  ml. 

Effect  of  miconazole  on  rat  liver  lysosomes.  The 
effect  of  miconazole  on  lysosomes  was  followed  by 
measuring  the  release  into  the  medium  of  lysosomal 
hydrola.ses.  Rat  liver  lysosomes  (0.5  mg  of  protein 
per  ml)  were  incubated  in  0.25  M sucrose  containing 
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miconazole  (dissolved  in  50'?  ethanol  I a*  various 
concentrations  for  15  min  at  37  C.  All  incubation 
mixtures,  including  controls,  contained  ethanol  at  a 
final  concentration  of  I'll.  After  the  incubation,  the 
tubes  were  chilled  in  ice  and  centrifuged  at  20.000  x 
# for  20  min,  and  the  resulting  supernatants  were 
assayed  for  acid  phosphata.se.  0-glucuronidu.se.  and 
arylsulfatase  A.  The  enzyme  activity  in  the  super- 
natant is  expre.ssed  as  percentage  of  total  activity 
obtained  in  the  presence  of  0.1‘J  Triton  X-IOO.  The 
data  were  corrected  for  the  release  of  enzymes  in 
control  samples. 

Enzyme  assays.  Acid  phosphatase  activity  was 
determined  by  the  method  of  Igara.shi  and  Hollan- 
der (17),  using  p-nitrophenyl  phosphate  as  sub- 
strate. 

The  reaction  mixture  for  /3-glucuronidase  assay 
in  1 ml  contained  30  mM  acetate  buffer,  pH  4.5, 
0,5  ml  of  the  supernatant,  and  0.4  mM  phenolphtha- 
lein-/3-D-glucuronide  (sodium  salt).  The  reaction 
mixture  was  incubated  at  37  C for  30  min,  and  the 
reaction  was  stopped  by  adding  5 ml  of  0.2  M gly- 
cine-NaOH  buffer,  pH  10.4.  The  absorbancy  of  the 
color  was  measured  at  540  nm. 

Arylsulfatase  A was  estimated  by  the  method  of 
Jerfy  and  Roy  (18),  using  p-nitrocatechol  sulfate  as 
substrate. 

Protein  was  estimated  by  the  method  of  Lowry  et 
al.  (22). 

RESULTS 

Effect  of  miconazole  on  rat  liver  lysosomes. 
The  time  course  of  miconazole-induced  release 
of  lysosomal  enzymes  is  shown  in  Fig.  1.  At  a 
miconazole  concentration  of  5 x 10  M,  the  rate 
of  release  of  acid  phosphata.se  and  arylsulfata.se 
A showed  an  increase  up  to  40  min  and  there- 
after remained  constant.  On  the  other  hand, 
the  release  of  /3-glucuronidase  reached  maxi- 


mum hy  30  min  and  showed  no  further  signifi- 
cant lncrca.se  up  to  60  min  of  incuhation.  The 
release  of  acid  pho.sphatasi'  and  arylsulfatase  A 
by  miconazole  at  60  min  is  about  44')},  and  that 
of  /3-gluc’jronidase  is  32'*  of  the  total  enzyme 
activity  present  in  the  ly.sosomes. 

The  eftect  of  increasing  concentrations  of  mi- 
txmazole  on  the  release  of  acid  phosphata.se, 
arylsulfata.se  A,  and  /3-glucuronidase  from  lyso- 
somes  is  shown  in  Fig.  2.  The  lysosomes  were 
incubated  with  various  concentrations  of  mi- 
conazole in  0.25  M .sucrose  for  15  min.  Micona- 
zole cau.sed  an  increa.sed  release  of  all  three 
ly.sosomal  enzymes  up  to  a concentration  of  1.2 
X 10  * M,  and  further  increase  in  the  drug 
concentration  showed  decreasing  enzyme  activ- 
ities in  the  supernatant. 

The  labilization  of  lysosomes  is  depiendent 
not  only  on  the  concentration  of  miconazole, 
but  also  on  the  amount  of  lysosomes  in  the 
incubation  medium.  Increase  in  the  lysosomal 
protein  concentration  (number  of  lysosomes) 
per  unit  volume  of  suspending  medium  at  a 
constant  miconazole  concentration  caused  a 
progressive  decrease  in  the  release  of  enzymes 
from  lysosomes  (data  not  shown). 

Influence  of  pH  on  the  miconazole-induced 
labilization  of  lysosomes.  The  eftect  of  micona- 
zole on  lysosomes  is  dependent  on  the  pH  of  the 
incubation  media  (Table  1).  The  release  of  lyso- 
somal enzymes  by  miconazole  was  equally 
effective  at  pH  5,0  (0.25  M sucrose-0.01  M 
acetate)  and  pH  6.8  (unbuffered  0.25  M su- 


Fig.  1.  Time  course  of  miconaeole-induced  lysis 
of  rat  liver  lysosomes.  Miconazole  concentration,  5 x 
10  ’•M. 


Fig.  2.  Effect  of  miconazole  concentration  on  the 
release  of  lysosomal  enzymes.  Incuhation  time.  15 
min  at  .37  C. 
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Table  1.  Influence  uf  pH  of  the  incubation  medium  on  the  release  of  lysosomal  enzymes  by  miconcuole" 

Free  activity  i'it  of  total) 


Incubation  medium 

Acid  phosphatase 

Arylsulfatase  A 

^-Glucuronidase 

5 X 10  ^ M" 

10  ^ M 

5 X 10  * M 

10  ‘ M 

5 X 10  * M 

10  • M 

0.25  M sucrose-0.01  M acetate 
(pH  5.0) 

11.6 

30.8 

15.8 

46.2 

16.0 

35.7 

0.25  M sucrose  (pH  6.8) 

17.0 

44.0 

17.0 

43.8 

12.0 

32.0 

0.25  M sucrose-0.01  M Tris-hy- 
drochloride  (pH  8.0) 

5.0 

16.5 

10.3 

20.9 

5.5 

19.4 

" Lysosomcs  (0.5  mg  of  protein  per  ml)  were  incubated  at  different  pH  values  with  the  indicated 
concentration  of  miconazole  for  15  min  at  37  C.  After  centrifugation  at  20,000  x g for  20  min  at  4 C,  the 
enzyme  activities  released  into  the  supernatants  were  determined.  Total  activity  in  each  sample  was 
measured  by  incubation  of  lysosomes  with  0.1%  Triton  X-100.  After  correction  for  release  of  enzymes  in 
controls  containing  1%  ethanol,  the  data  were  expressed  as  percentage  of  total  enzyme  activity.  Tris, 
Tris(hydroxymethyl)aminomethane. 

" Miconazole  concentration. 


crose),  but  the  extent  of  release  was  reduced  at 
pH  8.0  [0.25  M sucrose-0.01  M trislhydroxy- 
methyl  laminomethane-hydrochloride). 

Decrease  in  turbidity  of  lysosomal  suspen- 
sion caused  by  miconazole.  Incubation  of  lyso- 
somes with  miconazole  in  0.25  M sucrose  re- 
sulted in  a decrease  in  the  lysosomal  turbidity. 
It  was  measured  at  25  C by  adding  lysosomes  to 
0.25  M sucrose  containing  miconazole,  and  the 
absorbancy  of  the  suspension  was  measured  at 
520  nm  in  a Carl-Zeiss  spectrophotometer  at 
different  time  intervals.  The  decrease  in  tur- 
bidity of  the  lysosomal  suspension  after  2 min 
was  about  12  and  26%  at  miconazole  concen- 
trations of  5 X 10  M and  10  * M,  respectively. 
Under  similar  conditions,  0.1%  Triton  X-100 
decreased  the  turbidity  of  lysosomal  suspension 
by  about  71%. 

Lysosome  labilizing  action  of  miconazole  as 
compared  with  other  membrane-active  drugs. 
For  comparison,  the  effect  of  some  membrane- 
active  drugs  such  as  nystatin,  2-phenethyl- 
alcohol,  hexachlorophene,  and  digitonin  on  rat 
liver  lysosomes  was  studied  (Table  2).  Nystatin 
was  relatively  ineffective  in  releasing  enzymes 
from  lysosomes.  2-Phenethylalcohol  required  a 
very  high  concentration  (5  x 10'“  M)  to  induce 
drastic  changes  in  lysosomal  integrity,  result- 
ing in  the  release  of  lysosomal  enzymes.  Both 
hexachlorophene  and  digitonin  disrupted  lyso- 
.somes,  and  at  10'^  M the  lysosome  labilization 
brought  about  by  these  drugs  and  miconazole 
was  quite  similar. 

DISCUSSION 

The  data  presented  in  this  paper  clearly 
reveal  that  miconazole  has  a profound  effect  on 
lysosomal  membrane  and  causes  release  of  acid 


Table  2.  Comparative  effect  of  miconazole  with 
some  membrane-active  drugs  on  labilization  of  rat 
liver  lysosomes" 


Drugs 

1 

! 1 

Concn  1 

(M) 

[ Free  enzyme  activity 

1 of  total ) 

Acid 
; phos- 
phatase 

I Aryl- 

j sulfa- 
j tase  A 

0-Glu- 

curoni- 

dase 

Nystatin 

1 X 10  < 

1.70 

1 1 

0.97 

2.40 

2-Phenethyl- 

5 X lO'"  1 

5.30 

2.90 

5.80 

alcohol 

1 X 10 

2.40 

! 1.10 

2.90 

5 X 10-“ 

5.40 

1.60 

1 11.70 

' 5 X 10  - : 

59.20 

' 38.20 

25.40 

i 

Hexachloro- 

1 X 10  “ 

8.10 

7.40 

7.80 

phene 

1 X 10-'  ; 

35.60 

34.80 

58.80 

Digitonin  ! 

1 X 10-“  ! 

2.00 

I 1.00 

11.70 

1 X 10  ' 

46.70 

40.00 

1 63.70 

1 X 10--’ 

4.20 

4.40 

3.40 

Miconazole  j 

1 X 10-' 

44.00 

1 43.80 

I 32.00 

''  Lysosomes  (0.5  mg/ml)  were  incubated  for  15 
min  in  0.25  M sucrose  containing  different  concen- 
trations of  drugs  (as  indicated  in  the  table)  and 
centrifuged  at  20,000  x g for  20  min  at  4 C.  The 
enzyme  activities  in  the  supernatant  were  deter- 
mined as  described  in  Materials  and  Methods.  Total 
enzyme  activity  was  measured  by  incubation  of  lyso- 
somes with  0.1%  Triton  X-100.  Nystatin  wa.s  dis- 
.solved  in  dimethylformamide.  Digitonin,  hexachlo- 
rophene, and  miconazole  were  dis.solved  in  50'» 
ethanol,  and  dilutions  of  2-phenethylalcohol  were 
made  in  30%  ethanol.  The  control  .samples  contained 
solvents  at  concentrations  present  in  experimental 
tubes. 

phosphata.se,  /3-glucuronidase,  and  arylsulfatase 
A from  ly.sosomes.  Its  effect  is  concentration 
dependent,  and,  when  lyso.somes  are  expo-sed  to 
different  concentrations  of  miconazole,  an  opti- 
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mum  concentration  for  lysis  is  reached  (1.2  x 
10  ^ M)  instead  of  a saturation  response  (Fig. 
2).  The  release  of  enzymes  is  reduced  heyond 
this  optimum  concentration.  The  decreased  en- 
zyme activities  in  the  supernatant  at  higher 
concentrations  of  miconazole  is  apparently  due 
to  its  interference  with  release  of  enzymes, 
since  the  drug  failed  to  inhibit  enzyme  ac- 
tivities per  se  (data  not  shown). 

Turbidity  of  lysosomes  often  serves  as  an  in- 
dication of  their  structural  integrity.  Miconazole 
decreased  the  turbidity  of  lysosomal  suspen- 
sion, thus  providing  evidence  for  its  effect  on 
lysosomal  membrane  structure. 

The  lysosome-labilizing  effect  of  miconazole 
was  compared  with  that  of  nystatin,  2-phen- 
ethylalcohol,  hexachlorophene,  and  digitonin. 
Nystatin,  a polyene  antibiotic,  impairs  cell 
membrane  function  by  binding  to  sterols  in  the 
membrane  of  susceptible  organisms  (15,  20). 
Nystatin  is  relatively  ineffective  in  releasing 
enzymes  from  lysosomes.  The  data  is  consistent 
with  the  previous  finding  (34)  that  the  high- 
molecular-weight  group  of  polyenes  (nystatin 
and  amphotericin  B)  are  least  effective  in  dis- 
rupting lysosomes.  2-Phenethylalcohol,  which 
is  known  to  interact  with  the  cell  membrane  of 
bacteria  (26,  30),  yeasts  (6;  T.  K.  Narayanan, 
Ph.D.  thesis,  Indian  Institute  of  Science, 
Bangalore,  India,  1975),  fungi  (21),  tumor  cells 
(4),  and  mammalian  erythrocytes  (3;  Sreedhara 
Swamy  et  al.,  in  press),  requires  very  high 
concentrations  to  disrupt  lysosomes.  Earlier, 
2-phenethylalcohol  was  shown  to  release  acid 
phosphatase  from  chicken  liver  lysosomes  at 
high  concentrations  (16). 

Hexachlorophene  and  digitonin  are  included 
in  the  present  studies  because  they  have  been 
shown  to  interact  with  various  biological  sys- 
tems by  impairing  cell  membrane  function. 
Hexachlorophene  has  been  shown  to  alter  the 
permeability  of  plant  (24),  bacterial  (8,  19,  27), 
and  mammalian  erythrocyte  membranes  (7,  12, 
23).  Digitonin,  a plant  saponin,  induces  mem- 
brane damage  by  binding  to  cholesterol  in  the 
membrane  (1,  11).  The  results  presented  in  this 
paper  clearly  show  that  both  hexachlorophene 
and  digitonin  disrupt  rat  liver  lysosomes  and 
release  enzymes.  These  compounds  both  exert  a 
maximum  release  of  /3-glucuronidase  when 
compared  with  the  release  of  acid  phosphatase 
and  arylsulfatase  A.  In  contrast,  miconazole 
and  2-phenethylalcohol  released  /3-glucuroni' 
dase  to  a lesser  extent  than  did  the  other  two 
enzymes.  Thus,  the  differential  effects  showed 
by  these  drugs  on  lysosomes  appear  to  be  drug 
specific. 

In  conclusion,  the  pre.sent  findings  and  the 


earlier  studies  on  the  action  of  miconazole  on 
membranes  of  yeasts  (9,  10,  28,  33)  and  mam- 
malian erythrocytes  (Sreedhara  Swamy  et  al., 
in  press)  show  that  the  drug  interacts  with 
both  cellular  and  subcellular  membranes. 
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4a.  Development  of  experimental  derma tomycoses  in 
laboratory  animals . 

Experimental  infections  in  laboratory  animals  help 
not  only  in  establishing  the  pathogenicity  of  an  iso- 
lated fungus  but  also  in  several  other  purposes,  viz., 
to  obtain  the  tissue  phase  of  certain  fungi  like 
Histoplasma,  Cryptococcus,  etc.  , to  determine  the  hair- 
spore  relationship  of  an  isolated  fungus,  to  under- 
stand the  role  of  fungi  in  allergy  and  the  host- immune 
response  and  to  evaluate  antimycotic  agents  in  vivo. 

In  order  to  standardise  and  study  the  course  of  an 
experimental  dermatophyt ic  infection  in  a susceptible 
host,  laboratory  animal  species  lixe  rats,  mice  and 
guinea  pigs  were  examined  for  their  susceptibility  to 
various  dermatophyte  species  (Table  1).  Guinea  pigs 
were  found  to  be  susceptible  to  Trichophyton  mentagro- 
phytes  var  granular  when  infected  by  cutaneous  scarifi- 
cation method.  In  brief  the  method  is  as  follows.  The 
animals  were  clipped  and  shaved  over  the  flanks.  The 
shaved  skin  was  scarified  with  No.l  grit  sand  paper  and 
0.5  ml  of  spore  suspension  in  saline  (60mg  dry  weight) 
was  rubbed-in.  The  peak  of  infection  was  seen  by  the 
end  of  21  days  and  lasted  for  35  days  with  spontaneous 
clinical  recovery.  The  morphology  of  the  lesions 
during  various  phases  of  infection  and  mycological 
examination  of  skin  scales  and  hairs  are  described  in 
Table  2.  The  lesions  were  initially  boggy  and  erythe- 
matous, later  became  scaly  and  dry  typical  of  a ring- 
worm lesion.  The  fungus  was  present  in  skin  and  hair 
as  mycelia  and  arthrospores.  The  invasion  of  the  hair 
was  of  ectothrix  type. 
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Repeated  infections. 

The  animals  which  were  infected  and  self-cured, 
were  repeatedly  infected  for  4 times  and  the  course  of 
infection  and  the  morphology  of  the  lesions  during 
each  infection  were  examined.  The  results  are  presented 
in  the  Table  3.  The  results  revealed  that  reinfections 
in  once  infected  and  self- cured  animals  led  to  rapid 
recovery  and  increased  dermal  reactions  indicating  the 
development  of  acquired  immunity. 

Immune  response  during  the  course  of  experimental 
dermatomycoses  in  guinea  pigs. 

The  spontaneous  cure  of  the  primary  lesions  and  the 
development  of  increased  r.,sistance  to  reinfections 
indicate  the  operation  of  immune  mechanisms  during  the 
infection  and  recovery.  The  immune  response  during 
the  infection  -and  recovery  was  analysed  as  to  the 
amount  and  types  of  circulating  antibodies  in  the 
sera.  A low  titer  of  precipitating,  agglutinating  and 
complement  fixing  antibodies  were  detected  (Table  4). 

The  animals  showed  a delayed-type  of  hypersensitive 
reactions  to  the  soluble  extract  of  T.  mentagrophytes 
when  challenged  intradcrmally  (Table  5).  The  reactions 
appeared  2 weeks  after  the  infection,  increased  there- 
after and  remained  at  high  level  even  after  clinical 
recovery. 

4b.  Analysis  of  immune  response  in  guinea  pigs 

immunised  with  soluble  extract  of  T.  mentagrophytes. 


Analysis  of  immune  response  during  the  course  of 
infection  and  recovery  indicates  that  both  antibody- 
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TABLE  4.  LEVELS  OP  ANTIBOLIj-S  IN  SERA  OP  GUIILEA  PIGS 
INPEGTEL  WITH  TRIGHOPH'fTON  MENTaGROPHYTES 
DURING  VARIOUS  PHASES  OP  INFECTION  IND 
RECOVERY. 


Types  of 
antibodies 

Early 

infective 

phase 

Peak  of 
infect- 
ion 

Declining 

phase 

Clinical 

recovery 

on  da;y 

7 

on  day 

21 

on  day 

25 

on  day 

40 

titer 

titer 

titer 

titer 

Precipitin 

nil 

li4 

ls8 

Is  4 

Agglutinin 

nil 

Is  40 

1:40 

Is  320 

Complement- 

fixing 

nil 

ls2 

1:8 

ls8 

TABLc/  5.  CEuL- 

•MEDIATED 

ILMUilE  RESPONSE  IN  GUINEA  PIGS 

INFECTED  \^ITH 

TRICHOPHYTON  MENTAGROPHYTES. 

Hypersensi- 

tivity 

reactions 

Early 

infective 

phase 

Peak  of 
infect- 
ion 

Declining 

phase 

Clinical 

recovery 

on  day 

7 

on  day 

21 

on  day 

25 

on  day 

40 

diameter  of  induration  (ram) 

Delayed- 

type 

6 to  8 

9 to  15 

13  to  16 

11  to  15 
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mediated  and  cell-mediated  immune  responses  are  in 
operation.  The  presence  of  low  titers  of  the  anti- 
bodies might  probably  be  due  to  the  lack  of  adequate 
antigenic  stimulus.  Since  the  organism  is  confined  to 
superficial  layers,  the  amounts  of  diffusible  antigenic 
components  reaching  the  lymphoid  system  might  be  very 
low.  Hence  the  iirimune  responses  in  detail  were  studied 
in  actively  immunized  animals. 

Soluble  extract  from  acetone-washe d 7-day  old 
mycelium  of  _T.  mentagrophytes  was  prepared  in  0.1  M 
phosphate  buffered  saline  (pH  7.2).  The  dialyzed 
extract  (12  mg  protein)  in  Freund's  Complete  Adjuvant 
was  injected  subcutaneously  in  three  doses  at  weekly 
intervals.  One  more  dost  was  given  14  days  after  the 
third  injection  to  boost  the  level  of  antibodies  and  the 
cellular  reactions.  Animals  were  examined  for  the 
circulating  antibodies  and  the  delayed-type  hyper- 
sensitive reactions.  The  levels  of  circulating  anti- 
bodies in  sera  of  immunized  animals  are  shown  in 
Table  6.  The  titer  of  precipitating  antibodies  was 
doubled  with  a booster  dose.  But  there  was  no  change 
in  other  types. 

The  cellular  immunity  was  studied  in  detail.  In 
summary  the  following  techniques  were  employed  for  the 
study  and  the  results  are  shown  in  Table  7. 

1.  Delayed-type  of  hypersensitivity  reactions  in 
animals  challenged  with  soluble  extract  of  the  fungus. 

2.  Inhibition  of  migration  of  peritoneal  exudate 
cells  from  the  capillaries  in  the  presence  of  soluble 
extract. 

3.  Antigen  recognition  capacity  of  the  sensitized 
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TABLE  6. 


LEVELS  OP  CIRCULATING  ANTIBODIES  IN  GUINEA 
PIGS  ACTIVELY  li'.IMUNIZED  KiflTH  SOLUBLE  EXTRACT 
OP  TRICHOPHYTON  f^NTAGROPHYT ES 


I 


Dose  of  antigen 

Titer 

of  antibody  types 

Precipitin 

Agglutinin 

Complement 

fixing 

Soluble  extract 

(12  mg  protein) 

1:16 

1:1024 

1:8 

Booster  dose 

( 3 mg  protein) 

1:  32 

1:1024 

1:8 

TABLE  7.  CELLULAR 

REACTIONS  IN 

GUINEA  PIGS  ACTIVELY 

IMMNIZED  WITH  SOLUBLE  EXTRACT  OP 
TRICHOPHYTON  MENT AGROPHYTES 


Skin  reactions  (DTH) 
against  soluble  extract 


18-22  mm  of 
induration. 


Migration  of  peritoneal  inhibited 

exudate  cells  in  the 
presence  of  soluble  extract 

Transformation  of  lymphocytes  15  - 20?^ 

in  the  presence  of  soluble 

extract 


Antigen  recognizing  cells 
( immunocytoadherence ) 


19<fo 
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lymphocytes  from  spleen  as  studied  by  the  iramunocyto- 
adherence  (ICA)  test. 

4.  Transformation  or  blastogenesis  of  sensitized 
lymphocytes  from  spleen  when  exposed  to  soluble  extract 
as  antigen.  This  was  studied  both  by  microscopy  and 
thymidine  incorporation  during  blastogenesis. 

The  immune  sera  was  further  tested  for  its  bio- 
logical activity  on  the  spores  of  mentagrophytes. 

The  germination  of  macro conidia  of  mentagrophytes 
was  completely  inhibited  when  incubated  with  immune 
sera  at  10‘^  level.  Further  this  inhibitory  action  in 
the  presence  of  'complement'  is  being  examined. 

These  studies  indicate  clearly  that  on  immuni- 
zation there  is  a significant  increase  in  the  titer  of 
circulating  antibodies  (which  are  biologically  active) 
and  the  cell  mediated  reactions. 

The  soluble  extract  used  for  immunization  is 
known  to  contain  complex  molecules  like  lipopoly- 
saccharides  and  proteins  which  are  highly  immunogenic. 
Lipopolysaccharides  and  proteins  were  separated  by 
phenol-water  extraction  and  trichloroacetic  acid 
precipitation  methods.  The  sera  from  the  imi..  zed 
animals  were  tested  against  these  components  and 
soluble  extract  for  precipitin  bands  in  gel  diffusion 
method.  The  soluble  extract  gave  3 precipitin  lines, 
the  proteins  2 and  the  lipopolysacchari de  fraction  only 
one. 

The  capacity  to  evoke  hypersensitivity  reactions 
by  these  components  was  also  examined  by  intradermal 
administration.  The  protein  fraction  elicited  only 
the;  delayed-type  of  hypersensitive  reaction.  The 
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lipopolysaccharide  fraction  could  not  evoke  either 
immediate  or  delayed- type  skin  reactions.  These 
studies  indicate  that  the  lipopolysaccharide  fraction 
is  specific  for  circulating  antibodies  and  the  pro- 
tein fraction  for  both  circulating  antibodies  and 
cell-mediated  reactions. 

Modification  of  infection  and  immune  response  in 
the  immunized  auiimals. 

The  active  immunization  with  soluble  extracts, 
led  to  the  development  of  increased  levels  of  both 
antibody-mediated  and  cell-mediated  responses  simul- 
taneously. Since  the  sera  from  these  animals  showed 
in  vitro  toxicity  on  the  test  fungus  it  is  interesting 
to  study  the  course  of  infection  and  immune  response 
in  these  animals. 

The  immunized  animals  (having  a titer  of  precipi- 
tin of  1:16  and  a delayed- type  of  hypersensitive 
reaction  of  14-15  mm)  were  infected  with 
T.  mentagrophytes  and  the  course  of  infection  and 
immune  response  were  examined.  The  results  are  shown 
in  Table  8.  The  complete  clinical  cure  was  noticed  by 
21  days. 

The  lesions  were  highly  orythenati*  with 
increased  levels  of  delayed  hypersensitive  reactions. 
There  was  no  increase  in  the  levels  of  precipitins,  but 
the  titer  of  complement- fixing  antibodies  was  reduced. 
These  studies  indicate  that  active  immunization  would 
help  in  the  development  of  resistance  to  the  derma to- 
mycotic  infections  also. 
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TABLE  8.  MODIPICAIION  OF  INFECTIONS  AND  IMMUNE 

RESPONSES  IN  ACTIVELY  imiUNIZED  ANIMALS. 


Antibody  types 

Early 

infect- 

ive 

phase 

Peak  of 
the  in- 
fection 

Declining 

phase 

Clinical 

recovery 

7 d 

14  d 

18  d 

21  d 

Precipitin 

1:8 

1:8 

1:8 

1:8 

Complement- 

fixing 

1:10 

1:4 

1:4 

1:2 

Delayed-type  of 
hypersensitive 
reactions 
(induration  in 
mm) 

14-15 

14 

18 

18 

Duration  of  the 
control  infection 

7 d 

21  d 

25  d 

40  d 
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4c.  Adoptive  transfer  of  cell-mediated  immunity  to 
non- sensitized  animals. 

Vi/ith  the  exploration  of  cellular  and  biochemical 
aspects  of  immune  mechanisms,  the  role  of  "transfer 
factor"  in  transferring  the  immunity  in  a number  of 
diseases  is  extensively  studied  and  recognized.  Our 
studies  have  shown  that  active  immunization  would  help 
in  resisting  the  infection  by  triggering  the  immune- 
cells.  Hence  the  sensitized  lymphocytes  from  the 
actively  immunized  animals  were  examined  for  their 
"transfer"  capacity. 

The  lymphocytes  from  the  spleens  of  sensitized 
guinea  pigs  were  harvested  and  washed  aseptically  and 
suspended  at  a cell  density  of  90  x 10^  cells  per  ml 
in  phosphate  buffered  saline.  Either  the  whole  cells 
or  cell-free  extract  (prepared  by  freezing  and  thawing 
for  10  times)  were  administered  subcutaneously  into  the 
shaved  flanks  of  non-sensitized  guinea  pigs.  After  an 
incubation  period  of  20  hr,  the  animals  were  challenged 
intradermally  with  0.1  ml  of  soluble  extract  or 
protein  fraction  or  lipopolysaccharide  fraction  of 
T.  mentagrophytes.  The  cross  reactivity  with  the 
related  dermatophytes  was  also  examined  by  challenging 
with  the  soluble  extract  or  protein  fraction  or  lipo- 
polysaccharide  fraction  of  T.  mentagrophytes.  The 
cross  reactivity  with  the  related  dermatophytes  was  also 
examined  by  challenging  with  the  soluble  extract  from 
Trichophyton  violaceum.  Trichophyton  rub rum  and 
Microsporum  canis.  The  delayed  type  of  hypersensitive 
reactions  developing  24  hr  later  were  recorded 
(Table  9). 
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T.iBLE  9.  ADOPTIVE  TRANSFER  OP  CELL-MEDIATED  IMMUNITY 


TO  TRICHOPHYTON 

riENTAGROPHYTES 

IN  GUINEA  PIGS. 

Antigenic  material 

Skin  reaction  (in  mm)  in 
animals  infected  with 

Lymphocytes 

Lymphocyte- 

extract 

Trichophyton 
mentagrophyt e s 
soluble  extract 
(20  |j,g  protein) 

12 

11 

Protein  fraction 

11 

10 

Lipopolysaccharide 
fraction  (20  pg 
hexoses ) 

0 

0 

Trichophyton 
violaceum 
soluble  extract 
(20  pg  protein) 

10 

Not  tested 

Trichophyton 

rubrum 

soluble  extract 
(20  pg  protein) 

6 

Not  tested 

Microsporum  canis 
(20  pg  protein) 

9 

Not  tested 

64 


A positive  reaction  was  elicited  in  the  animals 
injected  with  both  whole  cells  and  their  extract. 

Both  the  soluble  extract  and  protein  fraction  but  not 
the  lipopolysaccharide  fraction  evoked  delayed  hyper- 
sensitive reactions.  Significant  levels  of  positive 
reactions  with  the  soluble  extracts  from  other  related 
dermatophytes  indicated  the  cross  reactivity. 

These  studies  reveal  that  lymphocytes  sensitized 
to  a dermatophyte  do  possess  a "transfer  factor". in  , 

i/ceiL 

addition  to  various  other  cellular  reactions  as  observed 
in  some  of  the  systemic  mycotic  infections  like  histo- 
plasmosis and  coccidioidomycosis.  The  chemical  nature 
of  this  "transfer  factor"  and  its  ^ vivo  efficacy  in 
curing  experimental  dermatomycoses  are  being  investi- 
gated. 


C5.  BIOCHEMICAL  STUDIES  IN  MICROSPORUM  CANIS 
SPORE  GERMINATION  AND  MECK^NISM  OP 
CYCLOHEXIMIDE  RESISTANCE 


The  fungi  are  an  important  group  of  organisms  form 
ing  a distinct  group  and  possess  a relatively  simple 
type  of  basic  organization  and  high  degree  of  speciali- 
zation. These  features  with  marked  plasticity  of  form 
in  response  to  environmental  conditions  make  them 
suitable  organisms  for  morphogenic  studies  and  as 
such  studies  on  these  fungi  should  contribute  to  the 
understanding  of  eukaryotic  biology  as  a \ihole. 

Dermatophytes,  viz.,  species  of  Trichophyton, 
Microsporum  and  Epidermophyt on  constitute  the  group 
responsible  for  superficial  infections  of  keratinized 
tissues  like  epidermis,  hair  and  nails.  Dermatophytes 
are  generally  pleomorphic  in  nature  and  produce  in 
their  life- cycle  three  types  of  spores  - macroconidia , 
microconidia  and  artnrospores.  The  spores  of  these 
fungi  are  important  because  of  their  pathogenicity  and 
involvement  in  the  spread  of  infections.  The  bio- 
chemical and  physiological  studies  of  sporulation  and 
germination  in  dermatophytes  would  help  in  better  under 
standing  of  the  mode  of  infection,  host-parasite 
relationship  and  specialized  nature  of  parasitism. 

Among  the  three  genera  of  dermatophytes, 
Microsporum  a less  pleomorphic  and  produces  more 
macroconidia  than  microconidia.  Hence  it  was  chosen 
as  a representative  organism  for  studying  differentiat- 
ion in  dermatophytes. 

5a.  Growth  and  sporulation  of 

Several  species  and  strains  of  Microsporum  were 
tested  for  their  ability  to  sporulate  in  media  which 
differ  with  respect  to  carbon,  nitrogen  and  vitamin 
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sources.  Only  a few  strains  of  M.  gypseum  viz. , 144, 

130  and  one  strain  of  M.  canis , HM  382  spoi^lated  well 
in  Sabouraud's  glucose  agar  (SGA)  medium.  Alteration 
of  carbon  or  nitrogen  source  did  not  have  any  signifi- 
cant effect  on  sporulation  of  Microsporum  spp.  How- 
ever, replacement  of  peptone  in  SGA  with  tryptone  and 
addition  of  yeast  extract  and  KH^PO^  resulted  in  the 
increased  sporulation  in  M.  canis  HM  382,  M.  gypseum 
144  and  130.  As  the  sporulation  was  quite  abundant  in 
M.  canis  HM  382,  compared  to  other  species  and  strains, 
it  was  chosen  for  morphological  and  biochemical  aspects 
of  spore  germination. 

M.  canis  sporulated  well  at  30°C  in  aoout  10-14 
days.  The  optimum  pH  for  sporulation  was  found  to  be 
6.2,  Though  decrease  in  pH  did  not  have  any  deleterious 
effect,  increase  in  pH  of  the  medium  towards  alkalinity 
resulted  in  drastic  inhibition  of  growth  and  sporu- 
lation of  the  organism, 

5b.  Germination  of  macroconidia  of  M.  canis. 


Distinct  morphological  changes  could  be  observed 
by  4 hr  when  macroconidia  were  suspended  in  SG  broth. 

By  6 to  8 hr  emergence  of  germ  tubes  takes  place  and 
by  24  hr  more  than  95?^  macroconidia  showed  multiple 
germ  tubes. 

Effect  of  nutrients;  Though  40-45?^  macroconidia 
germinate  in  saline,  germ  tubes  formed  by  8 hr  failed  to 
elongate  and  form  mycelia.  Glucose  had  no  effect  on 
germination  either  at  30°C  or  37°G.  On  the  contrary, 
peptone  at  1^  markedly  enhanced  the  germination  as  in 
SG  broth. 


Heat  resistance  of  macro conidia;  Macroconidia 


germinated  well  at  50°C  in  peptone  broth.  Heating  the 
macroconidia  for  2 min  at  55°C  resulted  in  the  loss 
of  ability  of  macroconidia  to  germinate  both  in  peptone 
and  SG  broth. 

Effect  of  spore  concentration  : Optimal  spore 
concentration  for  germination  was  found  to  be  5 x 10^ 
macroconidia/ml  of  germination  medium.  Increasing  the 
spore  concentration  to  10  x 10^/ml  resulted  in  a 
decrease  in  the  niimber  of  spores  germinated  by  8 hr. 

Effect  of  peptone  concentration;  Decreasing  the 
peptone  concentration  from  1.0^  to  0.1^  caused  50^ 
inhibition  in  the  germination  of  macroconidia.  At 
concentration  less  than  0.1^  peptone  failed  to  stimulate 
germination. 

Effect  of  L-amino  acids;  As  the  addition  of  peptone 
increased  the  germination  rate  of  macroconidia,  several 
amino  acids  were  t. sted  for  their  capacity  to  stimulate 
germination.  Out  of  19  amino  acids  tested  only 
L-leucine  and  L-glutamic  acid  at  10  mM  concentration 
stimulated  the  germination  by  37^  and  30^  respectively, 
by  24  hr. 

5c.  Macromole cular  changes. 

The  macromole cular  changes  taking  place  during  the 
active  phase  of  germination  (during  4 to  8 hr ) and 
earlier  have  been  examined.  The  changes  in  dry  weight, 
protein,  nucleic  acids,  amino  acids'  and  nucleotides 
have  been  given  in  Table  1.  Despite  the  increase  in 
the  rate  of  germination  dry  weight  of  macroconidia  did 
not  show  any  marked  change  and  so  also  the  protein 
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TABLE  1.  CHANGES  IN  CHEMICAL  COMPOSITION  OP  M.  CAN IS 
IvIACROGONIDIA  DURING  GERMINATION^. 


Duration  of  germination  (hr) 

0 

2 

4 

6 

8 

Dry  weight 

(mg)'^ 

102. 25 

94,75 

110.25 

' 112.0 

107.0 

Protein  (mg) 

6 . 0 

5.82 

5.  62 

6.00 

5.70 

RNA  (pg) 

1410 

1480 

1200 

1120 

1850 

DNA  (pg) 

108 

177 

152 

144 

163 

Nucleotides 

((ig) 

6 37 

62  3 

492 

511 

251 

Amino  acids 

(mg) 

2.  32 

1.96 

1.82 

2.10 

0.68 

Sugar  (mg) 

2.  60 

3.0 

2.3 

2.45 

3.35 

Germination  system  contained:  Macroconidia , 4xlO^/ml*, 
peptone,  10  mg/ml. 

O 

All  values  are  calculated  per  10  macroconidia. 
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content.  The  ribonucleic  acid  content  decreased  during 
early  germination  and  it  '^as  followed  by  considerable 
increase  between  6 to  8 hr  of  germination.  In 
contrast,  the  level  of  nucleotidts  decreased  gradually 
tiiroughout  the  8 hr  germination  period.  Studies  using 
labelled  precursors  revealed  that  considerable  macro- 
molecular  turnover  takes  place  during  germination  of 
raacroconidia. 

5d.  Effect  of  inhibitors  on  in  vijyo  macromole cular 
synthesis. 

Effect  of  puromycln:  Puromycin,  which  inhibits  the 
protein  synthesis  by  acting  as  an  analogue  of  amino 
acyl-tRNA,  at  50  and  100  pg/ml  failed  to  inhibit  the 
in  vivo  protein  synthesis  during  germination  of  macro- 
conidia. 

Effect  of  2-phene thylalcohol  (2-PEA);  2- PEA 
inhibited  the  germination  and  in  vivo  protein  synthesis 
considerably  at  10  mM.  At  concentrations  higher  than 
10  mM,  its  inhibition  was  more  pronounced. 

Effect  of  cycloheximide;  Cycloheximide  (OHI),  a 
potent  inhibitor  of  eukaryotic  protein  synthesis  failed 
to  bring  about  any  inhibition  o f in  vivo  protein 
synthesis  at  concentrations  ranging  from  5 to  250  pg/ml. 
In  contrast,  it  inhibited  the  ^ vivo  protein  synthesis 
of  Aspergillus  niger , a saprophytic  fungus  by  over  85?^ 
at  100  pg/ml.  Growth  of  organism  was  also  not  affected 
even  at  concentrations  of  0.5  to  2.5  mg/ral,  while  the 
growth  of  A_.  niger  was  completely  inhibited  at  0.5  mg/ 
ml  (Table  2).  In  order  to  elucidate  the  nature  of 
resistance  of  M.  can  is  to  CHI,  the  effect  was  examined 
in  greater  detail. 
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TABLiC  2.  EFFECT  OF  CYCLOHEXIMIBE  ON  GROWTH  AND 
3P0RUUTI0N  OF  M.  CANTS. 


Organism 

Cycloheximide 

(mg/ml) 

Growth^ 

Sporulation 

M.  canis 

0.0 

-H-H- 

-H-l- 

0.1 

1 1 1 f 

-H-f-f 

0.5 

+++ 

-H- 

1.0 

-H- 

-f- 

2.5 

-H- 

- 

A.  niger 

0.0 

-H-H- 

-I-H-I- 

0.5 

- 

- 

^ ^fter  7 
plates. 

days.  Organisms  were 

grown  in  3 

G agar 

- nil;  + 

negligible;  ++  poor; 

-H-f  fair; 

-H-H-  good. 

f 
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The  ineff ectiveness  of  CHI  on  growth  and  protein 
synthesis  of  macroconidia  daring  germination  could  be 
due  to;  a)  lack  of  permeability  of  the  drug  into  the 
cell,  b)  alteration  of  ribosomes  of  the  organisms, 
c)  detoxification  of  the  drug,  and  d)  adaptation  of 
the  organism  to  CHI. 

Lack  of  permeability  of  the  drug;  Alteration  in 
membrane  structure  during  germination  of  fungal 
spores  has  been  reported.  As  a result  of  such 
alteration  in  membrane  structure  some  antifungal  agents 
like  pentachlorophenol , respiratory  inhibitors  can 
gain  access  into  the  spores  during  germination  and 
become  effective.  The  fact  that  CHI  remained  in- 
effective not  only  during  germination  but  also  in 
mycelia  suggesting  that  permeability  may  not  be  a 
barrier  for  the  entry  of  the  drug  into  the  macro- 

° 7K«'..  i- tc.ua  . <1 

conidia.  Attempts  made  to  perraeabilize  the  macroconidic 
to  CHI  by  the  use  of  detergents  like  sodium  dodecyl- 
sulfate  and  miconazole  nitrate,  an  antifungal  agent 
were  unsuccessful. 

Alteration  of  ribosomes  of  the  organism;  As  the 
surface  active  agents  themselves  inhibited  germination 
and  growth  of  macroconidia,  it  was  considered  necessary 
to  study  the  effect  of  CHI  on  the  ^ vitro  protein 
synthesis  of  the  organism  in  order  to  elucidate  the 
nature  of  resistance  of  the  organism. 

5e.  Characteristics  of  in  vitro  protein  synthesis  in 
mycelia  and  macroconidia. 


The  S-30  extracts  derived  from  germinating  macro- 
conidia -and  mycelia  of  M.  canis  synthesized  poly-L- 
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phenylalanine  at  30°C.  Unlike  in  the  mycelial 
extracts,  preincubation  of  macroconidial  extracts  for 
10  min  at  30°C  decreased  the  incorporation  by  30^. 

The  protein  synthetic  activity  of  the  3-30  extracts 
was  quite  unstable;  50^  activity  was  lost  on  keeping 
the  extracts  at  -20°C  for  24  hr. 

The  important  characteristics  of  amino  acid 
incorporation  were  studied  by  deletion  of  essential 
components  or  addition  of  specific  inhibitors  to  the 
reaction  mixture.  [The  complete  reaction  mixture 
contained  the  following  (in  pmoles  unless  otherwise 
specified)  in  a total  volume  of  1.0  ml:  Tris-HCl 
(pH  8.0),  50}  magnesium  acetate,  10;  potassium 
chloride,  2.5;  ammonium  chloride,  50;  (3-mercapto- 
ethanol,  5;  spermidine,  2;  yeast  tRNA,  100  pg; 
adenosine  triphosphate  (ATP),  2.5*,  guanosine  tri- 
phosphate (GTP),  0.2;  phosphoenolpyruvate,  5.0; 
pyruvate  kinase,  10  pg;  polyuridylic  acid  (poly-U), 

100  pg;  ^^C-L- phenylalanine  (sp.act.  153-180  mCi/ 
mmole),  0.2  pCi;  each  of  the  19  other  amino  acids, 

0.04;  3-30  extract]. 

The  incorporation  was  dependent  on  ATP,  an  energy 
source,  magnesium  and  poly-U.  Incorporation  was 
enhanced  by  yeast  tRNA  and  to  a lesser  extent  by  GTP  and 
pyruvate  kinase.  The  system  was  sensitive  to  ribo- 
nuclease,  puromycin,  sodium  fluoride,  miconazole 
nitrate  and  less  sensitive  to  CHI,  deoxyribonuclease, 
chloramphenicol  and  P-phencthyl  alcohol  (Table  3). 

The  protein  synthesis  was  maximal  at  25°C  and  decreased 
considerably  at  37°C  and  42°C. 
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TABLE  3.  EFFECT  OF  INHIBITORS  ON  THE  M VITRO  PROTEIN 
SYNTHESIS  IN  MCROGONIDIA  AND  MYCELIa  OP 
M.  CANIS. 


Inhibitors 

Mac roconidia 

Mycelia 

Incorpo- 

ration"*^ 

Inhi- 

bition 

(fO 

Incorpo- 

ration 

Inhi- 

bition 

{i) 

Complete 

system 

3608 

3140 

-I-Cyclohexi- 
mide  50  pg 

2445 

32 

HCyclohexi- 
mide  100  pg 

2450 

32 

2102 

34 

+Puromycin 

100  pg 

1542 

57 

499 

85 

+2- Phene thy 1- 
alcohol 

2920 

8 

-H^iconazole 

50  pg 

876 

75 

644 

80 

■fChlorampheni- 
col  50  pg 

3750 

3123 

1 

HRNase  50  pg 

292 

89 

213 

94 

+NaF  50  pg 

1304 

64 

• 

♦ Incorporation  expressed  as  CPM/mg  protein. 
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5f.  Effect  of  CHI  and  its  analogues  on  in  vitro 
protein  synthesis. 

_7 

CHI,  at  concentrations  ranging  from  10  M to 
_ •5 

10  failed  to  inhibit  vitro  protein  synthesis  both 
in  mycelia  and  macroconidia.  Its  analogues  like  CHI 
oxime,  CHI  acetate,  isocycloheximide  and  strepto- 
vitacin  A were  also  found  to  be  ineffective.  One  of 
the  analogues,  CHI  semicarbazone  showed  a slight  stimu- 
lation of  the  amino  acid  incorporation. 

In  contrast  to  the  effects  observed  in  M.  canis , 
CHI  inhibited  the  ^ vitro  protein  synthesis  in 
Saccharomyoes  cerevisiae  by  50^  at  10“ and  80^  at 

10“ 

The  effect  of  CHI  was  examined  in  a heterologous 
system  wherein  ribosomes  and  3-100  fraction  of  M.  canis 
and  3.  cerevisiae  were  cross- mixed  (Table  4).  CHI 
showed  over  65^  inhibition  in  the  system  where  the 
ribosomes  are  from  3.  cerevisiae  and  3-100  fraction 
from  M.  canis.  No  inhibition  was  observed  when  ribo- 
somes of  M.  canis  and  3-100  fraction  of  3.  cerevisiae 
were  used.  The  results  suggest  that  resistance  to  CHI 
in  M.  canis  is  at  the  level  of  ribosomes. 

5g.  'Limiting  factor'  in  the  macroconidia  for  protein 


synthesis. 


The  fact  that  germinating  conidia  have  a high 
incorporating  activity  as  compared  to  ungerminated 
conidia,  suggest  that  ungerrainated  conidia  have  a 


limiting  factor  in  protein  synthesizing  mechanism. 

Such  limiting  factor  could  be:  tRNA,  amino- acyl  tRKA 
synthetases,  transfer  enzyms  (soluble  fraction)  and/or 
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TABLE  4.  ^^C-PH£;NYLAL.4NIFE  INCORPORATION  WITH  RIBOSOMES 
PROM  NLiGROCOillDIA  OP  M.  CAN  IS  AND  VEGETATIVE 
CELIE  OP  3.  CEREVISIAE. 


Microsporum  canis 

S. 

cerevisiae 

Cyclohex- 

imide 

concent- 

ration(M) 

Inhi- 

bition 

(/«) 

Ribo- 

somes 

3-100 

Ribo- 

somes 

3-100 

+ 

+ 

- 

- 

0 

0 

+ 

+ 

- 

- 

10‘5 

+25 

+ 

- 

- 

10"^ 

2 

- 

- 

+ 

+ 

10'^ 

50 

- 

- 

"f" 

+ 

10"^ 

80 

+ 

- 

- 

+ 

10“^ 

18 

- 

+ 

+ 

- 

10""^ 

58 

The  incubation  system  was  as  described  in  the  text, 
with  300  fig  of  3-100  pro-cein  and  250  pg  of  ribosomal 
protein.  3-100  and  ribosomes  were  mixed  separately 
and  added  to  the  reaction  mixture. 
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ribosomes.  Studies  carried  out  by  cross-mixing  the 
ribosomes  and  S-100  fractions  of  ungerminated  and 
germinated  conidia  indicate  that  ribosomes  of  ungermi- 
nated conidia  and  not  the  S-100  fraction  that  is 
defective  (Table  5).  Further,  the  phenylalanine- tRNA 
synthetase  activities  were  found  to  be  quite  similar 
in  both  ungenninated  and  g(^rminated  conidia.  The 
defect  in  the  ribosomes  could  be  in  the  absence  of 
certain  essential  proteins  or  presence  of  an  inhibitor 
or  association  of  ribonuclease  activities  with  the 
ribosomes.  In  fact,  our  studies  indicate  that  ribo- 
somes of  ungerminated  conidia  have  an  increased  RNase 
activity  compared  to  ribosomes  from  germinating 
conidia. 


TABLE  5.  ^‘^C~PHENYLAL.\NINE  INCORPORATION  'film  RrBOSOI\([ES 
PROM  UNGERMINATED  AND  GERMINATED  MAGROGONIDIA 
OP  M.  CANIS. 


Ungerminated 

Germina 

ted 

^C- phenyl- 
alanine in- 
corporation'* 

Ribosomes 

S-100 

Ribosomes 

S-100 

- 

- 

+ 

4- 

5850 

+ 

+ 

- 

- 

858 

- 

+ 

+ 

- 

5150 

+ 

- 

- 

+ 

884 

♦ Incorporation  expressed  as  CPlV[/nig  ribosomal  protein. 

The  incubation  system  was  described  in  text.  500  pg 
S-100  protein  and  250  p,g  of  ribosomal  proteins  were 
used. 


( 

1 

s 
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C.6.  BIOSYNTHETIC  POTENTIALITIES  OP  CANDIDA  SPECIES* 


* Contributions  of  Dr.  T.K.  Narayanan  and  Dr.  V.P. 

Choudary , research  scholars  associated  with  Principal 
Investigators. 
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Yeasts,  in  comparison  to  other  microorganisms, 
have  been  more  intimately  associated  with  the  progress 
and  well  being  of  human  race.  Their  contribution  to 
man's  progress  has  been  based  largely  on:  their  capacity 
to  bring  about  rapid  and  efficient  conversion  of  sugars 
to  alcohols  and  062?  their  role  in  elucidating  basic 
biochemical  and  metabolic  processes  in  living  cell 
and  their  varied  biochemical  potentialities  in  produc- 
ing several  metabolic  products. 

6a.  Production  and  mode  of  action  of  aromatic  alcohols. 

With  the  exception  of  a few  reports,  the  bio- 
synthetic ability  of  Candida  species  to  produce  aro- 
matic alcohols  has  not  received  a thorough  examination. 
Hence  these  species  have  been  examined  for  their 
ability  to  produce  various  compounds  when  grown  on 
L-phenylalanine , L- tyrosine,  and  L-try pt ophan.  A 
simple  method  of  extraction  and  purification  of  these 
compounds  from  culture  filtrates  has  been  developed. 

Besides  alcohols  the  presence  of  other  compounds, 
intermediates  in  culture  filtrates,  has  also  been 
tested.  The  production  of  alcohols  and  hydroxy  acids 
by  Candida  species  has  been  quantitated  and  the  use  of 
Candida  species  to  produce  labelled  compounds  investi- 
gated. The  results  revealed  the  biosynthetic  ability 
of  Candida  spp.  to  produce  jS-phene thylalcohol  and 
|3-phenyllactic  acid  ( pages , 80-87  ) ; p-(  4-hydroxyphenyl)- 

ethanol  and  ^- ( 4- hydroxyphenyl) lactic  acid  (pages,  88-93) 
and  |3-indole  ethanol  and  (j-indole  lactic  acid  ( pages, 94-99 )• 


Extensive  literature  is  available  on  the  mode  of 
action  of  PEA  in  mammalian  and  plant  cells,  bacteria 
and  viruses.  The  isolation  of  PEA,  HOPEA  and  lEA  has 
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provided  an  opportunity  to  make  a comparative  study  of 
their  mode  of  action  in  yeasts.  Their  effect  on 
dimorphism,  growth  inhibition  and  reversibility, 
respiration,  uptake  of  labelled  precursors,  macro- 
molecular  synthesis  and  membrane  function  in  C,  albicans , 
has  been  investigated  and  discussed.  The  results 
(details  presented  in  the  Annual  Report  1975-76, 
pages  60-89)  suggest  that  these  alcohols  interfere 
with  several  cellular  processes,  and  their  effect  can 
be  explained  by  their  interaction  with  cell  membrane, 

6b.  Enzymology  of  PEA  bios5rn.thesis  in  Candida 
guilliermondii 

Though  the  pathways  involved  in  the  biosynthesis 
of  phenylalanine,  tyrosine  and  tryptophan  in  yeasts  have 
been  extensively  studied,  little  is  known  about  the 
enzymology  of  their  catabolism.  The  enzymology  of  the 
biosynthesis  and  regulatory  aspects  of  PEA  and  lEA 
are  of  great  interest  in  view  of  their  reported  auto- 
antibiotic activity.  Hence  in  the  present  study, 
investigations  have  been  carried  out  on  the  enzymology 
and  regulation  of  the  biosynthesis  of  PEA  and  PIA  from 
L-phenylal,anine  in  Candida  guillermondii  (pages  100-105). 
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SUMMARY!  2-Phenothyl  alcohol  (2-PEA)  and  2-phenyllaotic  acid  (2-PLA)  were 
isolated  from  the  culture  filtrates  of  Candida  species  grown  in  media  contain- 
ing peptone  or  phenylalanine  as  nitrogen  source.  These  compounds  were  chara- 
cterized by  comparing  their  UV,  IR,  and  NMR  spectral  properties  with  authentic 
samples.  Candida  species  differed  markedly  in  their  production  of  2-PEA  and 
2-PLA.  Experiments  using  -phenylalanine  indicated  that  both  2-PEA  and 

2-PLA  are  synthesised  from  L-phonylalanine « A pathway  for  the  biosynthesis 
of  2-PEA  from  L-phenylalanine  has  been  proposed. 

INTRODUCTION 

The  biosynthetic  ability  of  species  of  Saccharom.yces  and  Candida  have 
been  extensively  exploited  in  the  production  of  alcohols  (1),  vitamins  (2) 
and  enzymes  (3).  2-Phenethyl  alcohol  (2-PEA)  was  isolated  from  culture  fil- 
trates of  Candida  albicans  when  grown  in  Sabouraud* s broth  (h).  Whether  the 
production  of  this  compound  is  unique  to  only  C.  albicans  or  shared  by  other 
species  of  the  genus  Candida . as  well  its  physiological  role  and  the  enzymo- 
logy  involved  in  its  biosynthesis  are  some  of  the  aspects  about  which  nothing 
is  known.  The  purpose  of  this  study  is  to  examine  the  ability  of  both  patho- 
genic and  nonpathogenio  species  of  Candida  to  produce  2-PEA  and  the  interme- 
diates involved  in  its  biosynthesis. 

MATERIALS  AND  METHODS 

C.  albicans  Z248,  C.  guilliermondii  Z55i  C.  krusei  Z70  and  C«  troplcalis 
Z56  were  obtained  from  London  School  of  Hygiene  and  Tropical  Medicine,  London 
and  C.  Intermedia  from  V.  P.  Chest  Institute,  New  Delhi,  India.  Stock 
cultures  are  maintained  on  Sabouraud* s glucose  agar. 

Erlenmeyer  flasks  (500  ml)  each  containing  200  ml  of  the  medium  wore 
inoculated  with  5 ml  of  24  hr  broth  culture  in  the  same  medium.  The  cells 
were  grown  at  31  or  37  C on  a rotary  shaker  for  2 or  7 days.  The  cells  were 
sedimented  by  centrifugation  at  2000g  for  20  min  in  a Sorvall  RC-2B  and  the 
supernatant  (designated  as  culture  filtrate)  was  decanted.  The  cell  pellet 
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Table  1.  Physicochemical  and  spectral  properties  of  2-PEA  and  2-PLA 
isolated  from  culture  filtrates  of  Candida  species. 


Property 

2-PEA* 

2-PLA 

Liquid/ solid 

oil  (colorless) 

leaflet  crystals 

n«p*/b*p« 

220  C 

120  C 

Solubility  in  acetone 
ether 

chloroform 

highly  soluble 

t f 

t t 

highly  soluble 

f f 

slightly  soluble 

Optical  rotation 

- 

+9° 

Rf  values 

U.V.  (A  max)* 

0.72  (TLC)® 

259  nm 

0.96  (paper  c^omato- 
graphy)' 

258  nm 

I.R.  absorption^ 
range  Cm”* 

3575  (w)  } 

3350  (b)  j 

3450  (sh)  C2-OH 

1740  (sh)  Ci=0 

1460  (sh)j| 

1508  (sh){  GfSc- 
1615  (sh)5  ^ 

1460  (sh)  1 

1500  (sh)  5 C6H5- 
1610  (sh)  1 

NMR  signals’^ 

( S values) 

7.40  singlet  CgH^- 

2.90  triplet  -CH2- 

7.40  singlet  C^H^- 

4,30  quadruplet  HC 

3.90  triplet  -CH2- 

3.0  quadruplet  -CH2- 

1.70  singlet  C -OH 

2.60  multiplet  DMSO 

On  exchange  with  020*^ 

singlet  at  1.70 
of  Cl -OH 
disappeared 

• From  C.  guilliermondii  **  From  C.  tropicalis 

a Ethyl  alcoholic  solution  (10  mg/ 100  bEL),  Onicam  SP  700A 
b Neat’s  spectrum  (2-PEA)  and  Nujol  spectrum  (2-PLA),  Carl  Zeiss  Model  WIO 
c 2-PEA  in  CDCI3  and  2-PLA  in  DMS0-D6  (10-1^),  Varian  Model  T60  MH2 
d 2-PEA  was  treated  with  P2O  and  kept  overnight  for  exchange 
e Solvent  system:  petroleum  etheriether  (1:5) — Identification  by 
iodi nation 

f Solvent  system:  benzene: acetic  acid: water  (15:6:3)  — Identification 
by  spraying  with  O.ljt  KMnO^ 

(sh)  sharp;  (b)  broad;  (w)  wide. 


was  washed  twice  with  distilled  water  and  the  washings  were  pooled  with 
culture  filtrate. 

Extraction  and  purification:  Procedure  1 — The  filtrate  from  2 litres 
of  culture  was  extracted  with  chloroform  (1  vol  for  every  10  vol)  and  the 
extraction  was  repeated  four  times.  The  chloroform  extract  was  dried  over 
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anhydrous  sodlun  sulphate  and  evaporated  to  dryness  at  37  C.  The  oily  mata> 
rial  thus  obtained  vas  treated  with  3 ■!  of  acetone  and  the  acetone  Insoluble 
■•^•rlal  was  filtered  offa  The  filtrate  was  dried  and  the  aoetone  precipita- 
tion was  repeated  twice.  The  acetone-free  material  (250  ag)  was  applied  to 
50  X 1.5  cm  colunn  of  silica  gel  and  eluted  with  petroleum  ether  ; ether 
(All  v/v)  mixture.  The  first  100-150  ml  of  the  eluate  was  evaporated  at  37  C 
and  the  residue  (30  ag)  was  dried  In  vacuum  and  used  for  spectral  studies. 

Procedure  2 —Step  Kt  One  litre  of  the  culture  filtrate  was  extracted 
with  solvent  ether  ( 2 vol  for  every  10  vol  ) twice  and  the  ether  extract 
was  dried  at  37  C.  The  material  was  taken  In  100-150  ml  of  warm  water  and 
the  pH  was  adjusted  to  8.0  with  sodium  bicarbonate  and  extracted  twice  with 
ether.  The  ether  extract  was  dried  over  anhydrous  sodium  sulphate  and  evapo- 
rated at  37  C.  The  oily  material  was  treated  with  5 ml  of  aoetone  and  the 
acetone-insoluble  material  was  filtered  off  and  the  filtrate  was  evaporated 
at  37  C and  dried  In  vacuum  and  used  for  spectral  analysis.  Step  Bt  The 
alkaline  aqueous  solution  from  step  A was  acidified  to  pH  3.0  with  Hd  and  the 
process  of  ether  extraction  and  acetone  treatment  was  repeated  as  In  step  A. 
The  crystalline  material  obtained  was  dried  In  vacuum  and  used  for  spectral 
studies. 

RESULTS  AND  DISCUSSION 

From  the  culture  filtrates  of  £.  snillllermondll  grown  In  glucose-peptone 
broth  ( Table  2.  medium  1 ) an  oily  material  was  Isolated  by  a modified  extra- 
ction and  purification  procedure  1 (A).  Its  physicochemical  and  UV,  IR  (Flg.l) 
and  NMR  (Figs.  2,  3)  spectral  properties  have  been  examined  (Table  1).  This 
compound  was  characterised  as  2-PEA  and  confirmed  with  authentic  2-PEA  (BDH 
sample).  Besides  £.  zullllermondll . other  species  of  Candida  like  C.  albicans. 
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C.  kiMsal  and  C.  Intarmedl*  also  produced  2-PEA  under  Identical  conditions 
(Table  2).  Howerer,  only  in  C.  tropicalis  no  detectable  amount  was  found. 

To  define  the  culture  medium,  peptone  was  replaced  by  ammonium  sulphate 
at  a concentration  of  0.25^  (Table  2,  medium  2).  At  this  concentration  ammonium 
sulphate  supports  good  growth  of  all  species  of  Candida *but  none  of  the  species 
produced  2-PEAr  This  indicated  that  amino  acid(s)  present  in  peptone  is 
required  for  the  biosynthesis  of  2-PEA,  Hence, the  effect  of  L-phenylalanine, 
a compound  possibly  utilized  in  the  biosynthesis  of  2-PEA  was  examined.  With 
L-phenylalanlne  as  nitrogen  source  all  species  including  C.  tropicalis  produ- 
ced 2-PEA  (medium  3),  The  presence  of  ammonium  sulphate  along  with  L-phenyl- 
alanlne,  however,  had  not  interfered  in  the  biosynthesis  of  2-PEA  (medium  4), 
The  possible  presence  of  other  compounds  in  culture  filtrates  was  exaaii- 
nod  by  altering  the  method  of  extraction  (procedure  2),  By  this  procedure,  a 
* V.  P.  Chowdary  and  G,  Ramananda  Rao,  unpublished  data. 
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Table  2.  Influence  of  nitrogen  source  on  the  production  of  2-PEA  by 
Candida  species  * 


Species  Medium  1 Medium  2 Medium  3 Medium  4 


Kullllermondll 

J 

i 

i 

albicans 

1 

produced 

not 

produced 

produced 

krusel 

i 

1 

i 

produced 

Intermedia 

troolcalls 

not 

not 

produced 

traces 

produced 

produced 

• Cells  were  grown  In  2 L of  medium  at  37  C for  7 days.  Isolation  was 
by  Procedure  1. 

Medium  1 : glucose,  4^;  peptone,  2^. 

Medium  2 : glucose,  2$-.  (IIH4)2S04,  0.255^;  KH2PO4,  0.355^:  MgS04.7H20, 
Q,Z%\  CaCl2i  0.25!&  and  biotin,  3 ug  par  100  ml. 

Medium  3 > same  as  2,  but  (NH4)2S04  Is  replaced  by  of  L-phenylalanlne 
(Sigma) 

Medium  4 : lx>th  (11114)2804  and  L-phenylalanine  ware  present  at  the  same 
concentrations  as  In  media  2 and  3. 


Table  3«  Production  of2-PEA  and  2-PLA  by  Candida  species* 


Species 

2-PEA 

(mg) 

2-PU 

(mg) 

ToUl  of  2-PEA 

4 2-PU  (mg) 

Conversion 

C.  guilllermondll 

578 

87 

665 

66.5)1 

C.  krusel 

308 

28 

336 

33.6)1 

C.  Intermedia 

158 

378 

536 

53.6)1 

C.  albicans 

168 

412 

580 

58  i 

C.  troplcalls 

18 

620 

638 

63.8)1 

* Calls  were  grown  In  1 L of  medium  3 at  31  C for  2 days.  Isolation 
was  by  procedure  2. 
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crystalline  material  in  high  yields  was  isolated  from  C.  troplcalis  and  was 
characterised  as  2-phenyllactic  acid  (2-PLiL)  by  its  physicochemical,  IR  (Fig. 
and  NMR  (Fig.  5)  spectral  properties  (Table  1)  and  it  was  confirmed  with  authen- 
tic sample  of  2-PLA  (Sigma). 

Employing  procedure  2,  the  production  of  2-PEA  and  2-PLA  in  Candida  species 
has  been  quantitated  (Table  3).  Candida  species  differed  markedly  in  their 
capacity  to  produce  these  compounds.  C.  guilliermondii  had  produced  high 
amounts  of  2-PEA  and  low  amounts  of  2-PLA.  The  same  is  true  with  C.  krusei 
while  the  reverse  is  the  case  with  C.  troplcalis.  The  conversion  of  L-phenyl- 
alanine  into  2-PEA  and  2-PLA  (together)  by  various  species  ranged  from  34  to 
675t. 

Experiments  using  £^^cJ^U) -phenylalanine  were  also  carried  out.  Labelled 
2-PEA  and  2-PLA  ware  isolated  from  culture  filtrates  of  C.  intermedia  (Table  4), 
The  total  yield  of  both  labelled  2-PEA  and  2-PLA  was  about  3^.  This  agreed 
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Table  4.  Isolation  of  f^^oJ-labolled  2-PEA  and  2-PLA  from  culture 
filtrates  of  C.  Intermedia 


Phen^alanlne  left  In  the  culture 

filtrate  after  extraction 

1.2  X 10”  cpm 

Phenylalanine  utilised 

9.8  X 10^  cpm 

Counts  In  2-PEA  (190  mg) 

1.6  X 10^  cpm  j| 

6 » 

5.1  X 10°  cpm 

Counts  In  2-PLA  (410  mg) 

3,5  X 10”  cpm  I 

ii  Incorporation  Into  2-PEA 

16.3  1 

i 

52.3 

% Incorporation  Into  2-PLA 

36.0  § 

Cells  were  grown  In  medium  3 supplemented  with  8 uCl  of  [.^^cHu)~L-phenyl- 
alanlne  (Sp.  activity,  153  mCl/ mmole,  obtained  from  BARC,  Bom^y,  India) 

well  with  the  quantitative  data  obtained  In  experiment  using  cold  L-phenyl- 
alanlne  (Table  3)« 

The  data  pr«>sented  reveal  that  all  the  five  species  of  Candida  are  2-PEA 
producers  and  they  possess  the  ability  to  convert  a normal  metabolite  like 
L-phenylalanlne  Into  2-PLA  and  2-PEA,  2-PEA  Is  possibly  blosyntheslsed  by 
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th«  following  pnthmxi  L-PhenylalAnln*  — Phonylpyrarle  aoid  — PhenyllAotlo 
nold  — Phanothyl  aloohol. 

Tba  prasanoa  of  aalno  aold  pools  In  £•  utllls  (5)  and  thalr  axoration 
Into  tha  aadlun  during  faraantatlon  (6)  hava  baan  raporiadt  Tha  eonrarslon 
of  axoass  phanplalanlna  In  tha  aoblla  Intraoallular  pool  Into  2-PEA  and  Its 
axoration  Is  a possibility* 
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/3-(4-hydroxyphenyl)lactic  acid  by  Candidu  species.  Can.  J.  Microbiol.  22:  384-389, 

Two  crystalline  compounds  were  isolated  from  the  culture  filtrates  of  Candida  species  grown 
in  synthetic  medium  supplemented  with  t -tyrosine  as  the  sole  source  of  nitrogen.  These  com- 
pounds were  characterized  as  /3-(4-hydroxyphenyl)ethanol  (HOPEA)  and  /3-(4-hydroxy- 
phenyDIactic  acid  (HOPLA).  The  production  of  these  compounds  in  five  species  (both  patho- 
genic and  non-pathogenic)  was  compared  and  marked  differences  were  revealed.  Experiments 
using  L-|'‘C|tyrosine  indicated  that  both  HOPEA  and  HOPEA  are  synthesized  from  L-tyrosine. 

Narayanan.  T.  K..  et  G.  R.  Rao,  1976.  Production  of  /3-(4-hydroxyphenyl)ethanol  and 
^-(4-hydroxyphenyl)lactic  acid  by  Candida  species.  Can.  J.  Microbiol.  22:  384-389. 

On  a isole  deux  composes  cristallins  des  filtrats  de  culture  d'especes  de  Candida  cultivees  dans 
un  milieu  synthetique  additionne  de  t,-tyrosine  comme  seule  source  d'azote.  Ces  composes  ont 
ete  caracterises  comme  etant  rethanol-/3-(4-hydroxyphenyl)  (HOPEA)  et  racide-/3-(4-hy- 
droxyphenylllactique  (HOPLA).  La  production  de  ces  composes  chez  cinq  especes  (pathogenes 
et  non-pathogenes)  a ete  comparee  et  des  differences  marquees  ont  ete  observees.  Des 
experiences  utilisant  la  t -tyrosine  |'*C|  demontrent  que  I’HOPEA  ainsi  que  I'HOPLA  sont 
synthetises  a partir  de  la  L-tyrosine, 

[Traduit  par  le  journal] 


Introduction 

P-Phenethyl  alcohol  (P-PEA)  production  by 
Candida  albicans  grown  in  Sabouraud’s  glucose 
broth  has  been  reported  (4).  This  compound  and 
hydroxy  acid,  viz.,  p-phenyllactic  acid  (P-PLA), 
have  been  isolated  from  several  species  of 
Candida  grown  in  a defined  medium  containing 
L-phenylalanine  (6).  When  L-phenylalanine  is 
replaced  by  L-tryptophan,  Candida  species  pro- 
duced p-indoleethanol  and  P-indolelactic  acid.^ 

Production  of  P-{4-hydroxyphenyl)ethanol- 
(tyrosol)  (HOPEA)  by  Saccharomyces  cerevisiae 
(2,  9)  and  Gibberella  fugikuroi  (1)  and  P-(4- 
hydroxyphenyOlactic  acid  (HOPLA)  by  Oidium 
lactis  (3),  Proteus  vulgaris,  Escherichia  coli  (7), 
and  Bacillus  subtiUs  (8)  has  been  reported  earlier. 
In  this  paper  we  are  reporting  the  production  and 
quantitation  of  both  HOPEA  and  HOPLA  by 
pathogenic  and  non-pathogenic  species  of 
Candida. 

Materials  and  Methods 

Organisms 

Candida  albicans  Z248,  C.  guiUiermondii  Z55,  C.  krusei 


'Received  June  20,  1973. 

’Presented  at  the  43rd  Annual  Meeting  of  the  Society 
of  Biological  Chemists  (India),  held  at  Ludhiana,  India, 
during  November  1974. 


Z70,  and  C.  iropicalis  Z56  were  obtained  from  London 
School  of  Hygiene  and  Tropical  Medicine,  London,  and 
C.  intermedia  from  V.P.  Chest  Institute,  New  Delhi, 
India.  Stock  cultures  were  maintained  on  Sabouraud's 
glucose  agar. 

Medium  and  Growth  Conditions 

The  following  medium  was  contained  in  100  ml  of 
distilled  water:  glucose,  2g;  KH2PO*,  0.35  g;  MgS04' 
7H2O,  0.25  g;  CaCl2-2H20,  0.25  g;  biotin,  3 ug;  and 
L-tyrosine,  0.1  g (Sigma  Chemical  Co.,  St.  Louis,  Mis- 
souri, USA).  The  pH  of  the  medium  was  7.0  and  it  was 
sterilized  by  autoclaving  at  120°C  for  15  min. 

Erlenmeyer  flasks  (500  ml)  each  containing  200  ml  of 
the  medium  were  inoculated  with  5 ml  of  a 24-h  broth 
culture  prepared  in  the  same  medium.  The  cells  were 
grown  at  31  °C  on  a rotary  shaker  for  2 days.  The  cells 
were  sedimented  by  centrifugation  at  2000  f in  a Sorvall 
RC2-B  centrifuge  and  the  supernatant  (designated  as 
culture  filtrate)  was  decanted.  The  cell  pellet  was  washed 
twice  with  distilled  water  and  the  washings  were  pooled 
with  the  culture  filtrate. 

Isolation  of  Compounds  from  Culture  Filtrates 

Step  A 

One  litre  of  the  culture  filtrate  was  extracted  twice 
with  200  ml  of  ethyl  ether  each  time  and  the  ether  extract 
was  evaporated  to  dryness  at  37  °C.  The  crystalline 
material  was  taken  up  in  1(X)-150  ml  of  warm  water  and 
the  pH  adjusted  to  8 with  NaHCOj  and  extracted  twice 
with  ether.  The  ether  extract  was  dried  over  anhydrous 
Na2S04  and  the  solvent  evaporated  at  37  °C.  The 
crystalline  material  was  treated  with  5 ml  of  acetone,  the 
acetone  insoluble-material  filtered  off,  and  the  filtrate 
evaporated  at  37  X and  dried  in  vacuum  (compound  I). 
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Fio.  1.  Infrared  spectrum  of  fi-(4-hydroxyphenyl)ethanol  isolated  from  C.  albicans. 


Step  B 

The  alkaline  aqueous  solution  left  after  ether  extraction 
from  Step  A was  adjusted  to  pH  3 with  HCI  and  the  pro- 
cess of  ether  extraction  and  acetone  treatment  in  Step  A 
was  repeated.  The  crystalline  material  obtained  was  dried 
in  vacuum  (compound  II). 

Chromatography 

Compound  I was  run  on  thin-layer  chromatography 
(tic)  on  silica  gel  (National  Chemical  Laboratory,  Poona, 
India)  using  a solvent  system  consisting  of  ether  - 
petroleum  ether  (bp  40  °C  to  60 °C)  4:1  (v/v).  The  com- 
pound was  detected  by  spraying  with  FeClj  solution. 

Compound  II  was  chromatographed  on  Whatman 
No.  I paper  with  a solvent  system  consisting  of  benzene  - 
acetic  acid -water  5:2:1  (v/v)  along  with  an  authentic 
sample  of  HOPLA  (Sigma  Chemical  Co.,  St.  Louis, 
Missouri,  USA).  Compounds  were  detected  by  spraying 
with  FeClj  solution. 

Spectra 

The  ir  spectra  (Nujol  Mull)  of  the  compounds  were 
determined  in  Carl  Zeiss  model  WIO  spectrophotometer 

The  nmr  spectra  of  the  compounds  (10-15%  solution) 
in  dimethyl  sulfoxide  (DMSOiOe  were  determined  in  a 
Varian  model  TsoMHz  instrument.  For  compound  I the 
spectrum  was  also  taken  after  D2O  exchange. 

The  uv  spectra  of  the  compounds  (10  mg/100  ml 
ethanol)  were  determined  in  a Unicam  Spectrophotom- 
eter model  SP  700A. 

Mass  spectrum  of  compound  I was  taken  in  an  AEI 
MS  70z  mass  spectrometer  fitted  with  electron  bombard- 
ment source. 

Results  and  Discussion 

The  ir  spectrum  of  compound  I (HOPEA)  is 
shown  in  Fig.  1.  Assignments  of  various  peaks 
are  aromatic  ring  (phenyl  group)  at  1460  cm"', 
1520cm"',  and  1615  cm"';  phenolic  hydroxyl 
group  at  3400  cm"';  C, -hydroxyl  group  at 
3150cm"'  (which  is  mostly  hydrogen-bonded). 
Peaks  at  1 240 cm"'  and  1050cm"'  further 
support  the  presence  of  hydroxyl  groups. 

The  nmr  spectrum  of  compound  I (HOPEA) 
(Fig.  2)  showed  a pair  of  doublets  (7=8  Hz) 
centered  at  6 7 corresponding  to  — CjH4 — . The 
triplet  (J  = 4.5  Hz)  at  5 4.5  showed  the  presence 


of  C, — OH  coupled  to  methylene  protons  which 
disappear  on  D^O  exchange.  The  triplet  for 
— CH2 — group  at  5 3.6  merged  with  the  singlet 
of  phenolic  — OH  which  disappeared  on  D2O 
exchange  and  the  triplet  for  — CH2 — group 
becomes  clear.  The  other  triplet  (J  = 6.4  Hz)  at 
5 2.8  for  — CH2 — merges  with  the  signal  for 
DMSO.  The  absence  of  methyl  group  singlet 
between  6 1 and  6 2 and  the  presence  of  two 
triplets  indicate  that  — C^H* — is  separated 
from  C, — OH  by  an  ethylene  linkage.  The  signal 
at  5 4.3  is  due  to  HDO. 

From  the  mass  spectrum  the  molecular  weight 
of  the  compound  1 (HOPEA)  was  determined  as 
138  (Fig.  3). 

The  phenolic  hydroxyl  in  compound  1 
(HOPEA)  was  further  confirmed  by  its  color 
reactions;  with  FeCl3  it  gave  a blue  color  and 
with  hot  concentrated  H2SO4  it  yielded  a red 
color. 

The  physicochemical  properties  of  compound 
1 (HOPEA)  are  shown  in  Table  1. 

The  ir  spectrum  of  compound  II  is  shown  in 
Fig.  4.  A sharp  peak  at  3450  cm"'  corresponds 
to  the  C2-hydroxyl  group;  a broad  peak  at 
3200cm"'  to  phenolic  hydroxyl;  and  a charac- 
teristic peak  at  1 740  cm  "'  to  the  carbonyl  group. 
As  compound  I,  compound  11  showed  peaks  at 
1460cm"',  I520cm"‘,  and  I615cm"‘  for  the 
phenyl  group;  peaks  at  1100cm"'  and  1250 
cm"'  further  support  the  presence  of  hydroxyl 
groups. 

The  nmr  spectrum  of  compound  II  (Fig.  5) 
showed  a pair  of  doublets  (7=8  Hz)  centered  at 
8 7 for  the  — C6H4 — group.  The  quartet  signals 
centered  at  5 4.2  (7  = 4 Hz)  and  6 2.8  indicated 
H H 

that  protons  of  — C — and  — C — are  coupled 

1 H 

with  each  other. 


to 

Fig.  2.  (A)  Nuclear  magnetic  resonance  spectrum  of  3-(4-hydroxyphenyl)ethanol  (isolated  from 
C.  krusei)  in  DMSO-D6.  (B)  Nuclear  magnetic  resonance  spectrum  of  3-(4-hydroxyphenyl)ethanol 
(isolated  from  C.  krusei)  in  DMSO-D6  + D2O. 
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table 1.  Physicochemical  properties  of  compound  1 P-(4-hydroxy- 
phenyl)ethanol  and  compound  ff  P-(4-hydroxypheny0lac(ic  acid 


Properties 

HOPEA 

HOPLA 

Solid 

Crystalline 

Crystalline 

needle-shaped 

leaflets 

mp 

Solubility: 

93  “C 

168  ± 1 °C 

acetone 

Highly  soluble 

Highly  soluble 

chloroform 

Sparingly  soluble 

Sparingly  soluble 

water 

Soluble 

Soluble 

ether 

Highly  soluble 

Highly  soluble 

Optical  rotation 

— 

+ 20"  at  30  “C 
(c  2.5  in  ethanol) 

Rr  value 

0.46* 

0.04t 

^mai  (nm) 

275 

275 

•Thin-layer  chromatography  on  silica  gel  using  a solvent  system  of  ether - 
petroleum  ether  (bp  40 to  60 *C)  4:1  (v/v);  idenlihcation  by  spraying  with 
FeClj  solution. 

tPaper  chromatography  on  Whatman  No.  1 using  a solvent  system  of  benzene - 
acetic  acid  - water,  5:2:1  (v/v);  identification  by  spraying  with  FcClj  solution. 


Fig.  4.  Infrared  spectra  of  authentic  and  isolated  (C.  iropicalis)  P-(4-hydroxyphenyl)lactic  acid. 


Based  on  these  spectral  properties,  compound 
II  is  characterized  as  P-(4-hydroxyphenyl)lactic 
acid.  Its  spectra  are  identical  with  that  of  the 
authentic  sample  (Sigma  Chemical  Co.,  St. 
Louis,  Mo.,  USA).  Its  physicochemical  proper- 
ties are  shown  in  Table  I. 

Labelled  HOPEA  and  HOPLA  were  isolated 
from  culture  filtrates  of  C.  intermedia  grown  in 
medium  supplemented  with  L-[U-'‘‘Cltyrosine 
(sp.  act.  189  mCi/mmol)  (Bhabha  Atomic  Re- 


search Centre,  Bombay,  India).  The  total  incorp- 
oration was  10”^  (Table  2). 

All  the  five  species  of  Candida  tested  produced 
both  HOPEA  and  HOPLA.  However,  they 
differed  considerably  in  the  quantities  and  pro- 
portions they  produced  (Table  3).  Candida 
guiltiermondii  and  C.  krusei  produced  more 
HOPEA  than  HOPLA;  the  reverse  is  true  with 
C.  Iropicalis.  Candida  intermedia,  and  C.  albicans 
produced  both  compounds  in  almost  equal 
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Fic.  5.  Nuclear  magnetic  resonance  spectra  of  authentic  and  isolated  (C.  tropicalis)  P-(4-hydroxy- 
phenyl)lactic  acid. 


I 


Tabi.f  2.  Production  of  labelled  3-(4-hydroxy- 
phenyDethanol  and  p-(4-hydroxyphenyl)lactic 
acid  by  C.  infermedia 


Counts  of  L-(U-''‘C]tyrosine  added 
Counts  left  in  the  culture  filtrate 

3.77X  lO’ 

after  extraction 

1.15x10’ 

Counts  taken  up  by  the  cells 

2.62x  10’ 

Counts  in  HOPEA  (73  mg) 

1 .97x  lO” 

Counts  in  HOPLA  (41  mg) 

0.7  X lO" 

Percentage  incorporation 

10% 

amounts.  The  pattern  of  HOPEA  and  HOPLA 
production  by  each  organism  is  similar  to  that 
of  p-phenethylalcohoi  (P-PEA)  and  p-phenyl- 
lactic  acid  (P-PLA)  production  by  the  same 
organisms.  But  the  total  yield  of  HOPEA  and 
HOPLA  ranged  from  10  to  21%  of  L-tyrosine 
used  in  the  medium.  This  is  considerably  lower 
than  the  total  production  of  P-PEA  and  P-PLA 
from  L-phenylalanine  by  these  organisms  which  j 

ranged  from  34  to  67%  (6).  i 


Table  3.  Production  of  P-(4-hydroxyphenyl)ethanol  and  P-(4-hydroxyphenyl)lactic  acid  by 

Candida  species 


Yield  in  mg/litre  of  medium 

containing  1 g of  L-tyrosine  % of  L-tyrosine 


Yeasts 

HOPEA 

HOPLA 

Total 

conversion  to 
HOPEA  and  HOPLA 

C.  guilliermondii 

160 

51 

211 

21.1 

C.  krusei 

120 

20 

140 

14.0 

C.  intermedia 

63 

45 

108 

10.8 

C.  albicans 

51 

47 

98 

9.8 

C.  tropicalis 

II 

107 

118 

11.8 

I 


i 
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The  autoinhibitory  effect  of  P-PEA  on  the 
growth  of  these  Candida  species  and  differences 
in  their  susceptibility  to  |3-PEA  have  been  re- 
ported (5).  The  reasons  for  the  lower  production 
of  HOPEA  and  HOPLA  are  not  known.  How- 
ever, HOPEA  could  exert  higher  autoinhibitory 
effect  than  P-PEA,  thus  regulating  its  own  bio- 
synthesis. Alternatively,  a low  intracellular  level 
of  L-tyrosine  either  due  to  low  uptake  or  rapid 
in  situ  utilization  through  other  metabolic  path- 
ways may  be  responsible. 

The  data  presented  reveal  the  ability  of 
Candida  species  to  convert  a normal  metabolite 
such  as  L-tyrosine  to  HOPEA  and  HOPLA. 
They  are  possibly  biosynthesized  by  the  following 
pathways: 

L-tyrosine  ->  hydroxyphenyl  pyruvic  acid  -► 

I hydroxyphenyllactic 
i acid 

hydroxyphenylacetaldehyde  -► 

hydroxyphenylethanol. 
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Candida  spp.  grown  in  synthetic  medium  supplemented  with  l- tryptophan  as 
sole  nitrogen  source  produced  ^-indoleethanol  (^-lEA)  and  /3-indolelactic  acid 
O-ILA).  These  compounds  isolated  from  the  culture  filtrates  were  characterized 
by  ultraviolet,  infrared,  and  nuclear  magnetic  resonance  spectral  studies. 

Using  DL-[^H]trypotophan  in  the  medium,  labeled  ^-lEA  and  /3-ILA  were  iso- 
lated. Further,  /3-IEA  was  produced  as  a result  incubating  log-phase  cells  of  C. 
albicans  with  /3-ILA.  Both  /3-IEA  and  /8-ILA  inhibited  the  growth  of  gram- 
positive and  -negative  bacteria.  Autoantibiotic  action  of  these  compounds  on 
Candida  spp.  and  the  reversal  of  this  inhibition  were  studied. 


Candida  spp.  produced  /3-phenethylalcohol 
(5,  7)  and  its  corresponding  hydroxy  acid,  /3- 
phenyllactic  acid  (7).  The  autoantibiotic  action 
of  /8-phenethylalcohol  has  also  been  reported  (5, 
6).  Production  of  /3-indoleethanol  (tryptophol; 
/3-IEA)  and  ^-indolelactic  acid  (/3-ILA)  by  Agro- 
bacterium  tumefaciens  (3),  Diplodia  natalensis 

(1) ,  Acetobacter  xylinum  (4),  Aspergillus  niger 

(2) ,  and  Rhizobium  spp.  (8,  9)  has  been  de- 
scribed. In  this  paper  we  report  the  production 
and  quantitation  of  /3-IEA  and  /3-ILA  by  both 
pathogenic  and  nonpathogenic  species  of  Can- 
dida grown  in  the  presence  of  L-tryptophan  as 
the  sole  source  of  nitrogen.  These  compounds 
have  also  been  examined  for  their  antibacterial 
and  autoantibiotic  action. 

MATERIALS  AND  METH  OUS 

Organisms.  Candida  albicans  Z248,  C.  guillier- 
mondii  Z55,  C.  krusei  Z70,  and  C.  tropicalis  Z56 
were  obtained  from  the  London  School  of  Hygiene 
and  Tropical  Medicine,  London,  and  C.  intermedia 
was  obtained  from  the  V.  P.  Chest  Institute,  New 
Delhi,  India.  Stock  cultures  were  maintained  on 
Sabouraud  glucose  agar.  Escherichia  coli,  Proteus 
vulgaris,  Paracolobactrum  aerogenoides,  Aerobacter 
aerogenes.  Bacillus  subtilis,  B.  megaterium,  and  B. 
cereus  were  from  the  culture  collection  of  this  lab- 
oratory and  were  maintained  on  nutrient  agar 
slants. 

Isolation  of  compounds.  The  growth  of  organisms 
and  the  procedure  for  the  isolation  of  compounds  and 
their  purification  were  similar  to  those  described 
earlier  (7). 

Spectra.  The  infrared  spectra  were  taken  in  Nujol 
in  a Carl  Zeiss  model  WIO  spectrophotometer  and 
the  nuclear  magnetic  resonance  spectra  of  the  com- 
pounds (10  to  15%)  were  taken  in  a Varian  model 
T60MHz.  The  ultraviolet  spectra  of  the  compounds 


in  aqueous  solution  (10  mg/100  ml)  were  obtained  in 
a Unicam  SP  700A  recording  spiectrophotometer. 

Reversibility  of  growth  inhibition  caused  by  p- 
lEA  and  /3-ILA.  Side-arm  Erlenmeyer  flasks  (250 
ml),  each  containing  100  ml  of  medium  (described  in 
Table  5),  were  inoculated  with  1 ml  of  24-h  broth 
culture  in  the  same  medium.  Alter  8 h of  incubation 
on  a rotary  shaker  (200  rpm)  at  30  C,  the  compounds 
were  added  aseptically  to  two  flasks  and  incubated 
further  for  another  8 h.  The  cells  thus  exposed  to  the 
compounds  were  centrifuged  and  washed  four  times 
with  sterile  medium,  suspended  in  the  same  volume 
of  fresh  medium,  and  incubated.  The  culture  filtrate 
from  the  flask  to  which  /3-ILA  was  added  was  ex- 
tracted using  the  isolation  procedure  previously  de- 
scribed, and  the  product  was  identified  by  chroma- 
tography. 

RESULTS  AND  DISCUSSI  ON 

The  physicochemical  properties  of  ^-lEA  and 
/8-ILA  are  shown  in  Table  1. 

The  infrared  spectrum  of  /8-IEA  is  shown  in 
Fig.  1.  The  assignments  of  the  peaks  are  as 
follows;  (i)  a sharp  peak  at  3,400  cm  ' corre- 
\ / 

sponds  to  N of  indole  nucleus;  (ii)  a broad 
H 

peak  at  3,200  cm  ‘ corresponds  to  C, — OH, 
which  is  mostly  hydrogen  bonded;  (iii)  peaks  at 
1,430,  1,470,  and  1,620  cm*'  show  that  it  is  an 
aromatic  compound:  (iv)  peaks  at  1,050,  1,100, 
and  1,190  cm"'  further  support  the  presence  of 
the  — OH  group. 

The  infrared  spectrum  of  ^-ILA  is  shown  in 
Fig.  2.  The  assignments  of  the  various  peaks 
are  as  follows:  (i)  a sharp  peak  at  3,400  cm  ' 

\ / 

corresponds  to  N ; (ii)  a peak  at  3,500  cm"' 
H 
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Table  1.  Physicochemical  properties  of  fi-IEA  and 
IS-ILA  isolated  from  a culture  filtrate  of  Candida 
species 


Property 

/3-IEA 

0-ILA 

Liquid/solid 

Crystalline  leaflet 

Microcrystalline 

Odor 

Fecal  odor 

powder 

Fecal  ordor 

Melting  point  (C) 

58-59 

100  ± 1 

Solubility  in: 
Acetone 

Highly  soluble 

Highly  soluble 

Chloroform 

Soluble 

Sparingly  soluble 

Ether 

Soluble 

Soluble 

Water 

Sparingly  soluble 

Soluble 

Ultraviolet  spec- 

278 

278 

tnim  ( 

(nm) 

Optical  rotation 

Rf  value 

0.41“ 

+6“  at  30  C (ca.  2.5 
in  ethanol) 

0.40^ 

” Thin-layer  chromatography  solvent  system:  petroleum 
ether  (40  to  60  C)-ether  (15:25,  vol/vol);  identification  by 
iodination. 

^ Paper  chromatography  solvent  system:  benzene-acetic 
acid-water  (15:6:3,  vol/vol/vol);  identification  by  spraying 
with  0.1%  KMnO*. 

corresponds  to  C, — OH;  (iii)  sharp  peaks  at 
1,700  and  1,720  cm  ' correspond  to  ^C=0;  (iv) 

peaks  at  1,400,  1,480,  and  1,640  cm"'  show  the 
aromatic  nature  of  the  compound;  (v)  peaks  at 
1,080,  1,100,  and  1,200  cm"'  further  support  the 
presence  of  the  — OH  group. 

The  nuclear  magnetic  resonance  spectra  of  13- 
lEA  are  shown  in  Fig.  3 and  4.  A multiplet 
centered  at  7.4S  corresponds  to  the  indole  nu- 
cleus. The  triplets  at  3.9S  (J  6Hz)  and  2.96  (J 


6Hz)  correspond  to  two  — CH^ — groups  coupled 
to  each  other.  A sharp  singlet  at  26  and  a broad 

singlet  at  8.26  correspond  to  C, — OH  and  N 

of  indole,  respectively,  which  disappear  on  D.,0 
exchange  (Fig.  3).  The  shift  of  the  singlet  of 
C, — OH  in  Fig.  3A  is  due  to  the  concentration 
difference.  A singlet  at  4.76  in  Fig.  4B  is  due  to 
HDO.  The  absence  of  a methyl  group  singlet 
between  18  and  26  and  the  presence  of  two 
triplets  indicate  that  the  indole  nucleus  is  sepa- 
rated from  C, — OH  by  an  ethylene  linkage. 

The  nuclear  magnetic  resonance  spectrum  of 
/3-ILA  shows  a multiplet  signal  similar  to  ^- 
lEA  centered  at  7.48,  corresponding  to  an  in- 
dole nucleus  (Fig.  5).  The  two  quartet  signals  at 
4.26  (J  5Hz)  and  3.26  (J  5Hz)  indicate  that  pro- 

H H 

tons  of  — C — and  — C — are  coupled  to  each 

I H 

other.  The  signal  at  2.56  is  due  to  Me.SO. 

The  physicochemical  and  spectral  properties 
of  the  isolated  compounds  are  identical  to  au- 
thentic ^-lEA  and  /3-ILA  (Sigma  Chemical  Co., 
St.  Louis,  Mo.).  All  Candida  spp.  tested  pro- 
duced both  jS-IEA  and  0-ILA  (Table  2).  C.  guil- 
liermondii  and  C.  krusei  produced  more  /3-IEA 
and  less  jS-ILA.  The  reverse  is  the  case  with  the 
other  three  species.  This  pattern  of  producing 
either  alcohol  or  hydroxy  acid  in  excess  is  simi- 
lar to  the  production  of  ^-phenethylalcohol  and 
its  corresponding  hydroxy  acid,  ^-phenyllactic 
acid  (7).  The  total  yield  of  ^-lEA  and  /3-ILA 
ranged  from  14  to  24%  among  Candida  spp.,  as 
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compared  to  34  to  67%  of  /3-phenethylalcohol 
and  /3-phenyIlactic  acid  together  (7). 

Labeled  /3-IEA  and  /3-ILA  have  been  isolated 
by  using  DL-[“H)tryptophan  (5T)  (Table  3).  Ap- 
proximately 17%  of  the  tryptophan  taken  up  by 
the  cells  is  found  convert^  to  /3-IEA  (specific 
activity,  0.21  /xCi/mmol)  and  /3-ILA  (specific 
activity,  0.165  /aCi/mmol).  The  specific  activi- 
ties of  both  labeled  compounds  remained  the 
same  after  repeated  purification. 

^-lEA  inhibited  the  growth  of  both  gram- 
positive and  -negative  organisms  in  the  concen- 
tration range  of  6 to  12  mM  (Table  4).  However, 
gram-negative  organisms  in  general  are  more 
susceptible  than  gram-positive  organisms.  Like 

Table  2.  Production  of  p-IEA  and  fi-lLA  by 
Candida  species 

Yield  (mg/liter  of  medium  con- 
taining 1 g of  L-trypotophan)° 


Yeasts 

/3-IEA 

/3-ILA 

% Con- 
version 
of  L- 
trypto- 
phan 
added 

C.  guilliermondii 

93 

62 

15.5 

C.  krusei 

132 

50 

18.2 

C.  intermedia 

28 

116 

14.4 

C.  albicans 

25 

122 

14.7 

C.  tropicalis 

15 

193 

24.3 

“ The  medium  used  consisted  of:  glucose,  20  g; 
KHjP04,3.5g;MgS04-7H20,2.5g;CaClj-2Hj0,2.5 
g:  L-tiyptophan,  1 g;  and  biotin,  30  fig;  distilled 
water  to  1 liter.  Cells  were  grown  at  31  C for  2 days 
on  a rotary  shaker. 


Table  3.  Isolation  of[fi-^H]IEA  and  [^m]ILA 
from  culture  filtrates  of  C.  intermedia" 


?s^ 

/3-IEA,  /3-ILA  also  inhibited  the  growth  of  E. 
coli  at  6 mM  and  B.  cereus  at  15  mM. 

The  autoantibiotic  property  of  /3-IEA  on  Can- 
dida spp.  is  revealed  by  the  data  in  Table  5.  All 
species  examined  were  totally  inhibited  at  con- 
centrations of  6 to  12  mM.  However,  C.  tropi- 
calis,  which  produces  the  lowest  level  of  /3-IEA, 
is  highly  susceptible  to  /3-IEA  as  compared  with 
other  species.  This  was  also  observed  with  /3- 
phenethylalcohol  (6). 

Some  data  illustrating  the  nature  of  inhibi- 
tion exerted  by  /3-IEA  and  /3-ILA  on  the  growth 
of  C.  albicans  are  shown  in  Fig.  6.  When  /3-IEA 
was  added  to  log-phase  cells,  no  further  growth 
took  place.  The  inhibition  of  growth  was  seen 
as  long  as  the  cells  were  in  contact  with  ^-lEA. 
After  washing  the  cells  free  of  /3-IEA,  the  cells 
exhibited  a growth  pattern  similar  to  the  con- 
trol. This  clearly  shows  the  reversible  nature  of 
the  inhibition  by  /3-IEA.  A similar  effect  is 
exhibited  by  ^-ILA  as  well.  The  inhibition 

Table  4.  Influence  of  fi-IEA  on  the  growth  of  gram- 
positive  and  gram-negative  bacteria 

% Inhibition 


Oi^anism 

3 

mM 

a 

6 mM 

9mM 

12 

mM 

15 

mM 

Escherichia  coli 

12 

60 

90 

100 

100 

Paracolobactrum  aero- 

60 

100 

100 

100 

100 

genoides 

Proteus  vulgaris 

IS 

90 

100 

100 

100 

Aerobacter  aerogenes 

40 

90 

100 

100 

100 

Bacillus  subtilis^ 

25 

50 

75 

100 

100 

Bacillus  cereus* 

25 

25 

50 

75 

100 

Bacillus  megaterium* 

25 

25 

50 

75 

100 

* fi-lEA  concentration. 

^ Since  Bacillus  spp.  form  pellicles,  the  growth  inhibition 
is  graded  visually.  Nutrient  broth  (5  ml)  was  inoculated 
with  0.1  ml  of  an  18-h  culture  and  incubated  at  37  C for  24  h. 
Growth  was  measured  in  a Klett-Summerson  colorimeter  at 
540  nm. 


Tryptophan 


Counts/ 

min 


Amt  added  

Remaining  after 

the  extraction  of  culture 

filtrate  

Taken  up  by  the  cells  

Converted  to: 

/3-IEA  (28.2  mg)  0.80  x 10’  1 

B-ILA  (122.8  mg) 2.16  x 10’  1 


3 X lO" 

1.27  X 10“ 
1.73  X 10“ 

2.96  X 10-' 


“ Cells  were  grown  in  the  medium  described  in 
Table  2,  which  was  supplemented  with  10  /rCi  of  dl- 
[■’Hltryptophan  (5T)  (1,^  mCi/mmol)  obtained  from 
BARC,  Bombay,  India.  The  compounds  were  iso- 
lated as  described  in  the  text,  and  radioactivity  was 
measured  in  a Beckman  LS-lOO  liquid  scintillation 
counter.  About  17%  of  the  tryptophan  taken  up  by 
the  cells  was  found  to  be  convert^  to  /3-IEA  (4.6%) 
and  /3-ILA  (12.4%). 


Table  5.  Autoantibiotic  effect  of  fl-IE A on  growth  of 
Candida  species 


Species 

% Inhibition 

3 mM" 

6 mM 

12  mM 

18  mM 

C.  albicans 

60 

86 

100 

100 

C.  tropicalis 

91 

100 

100 

100 

C.  krusei 

57 

73 

100 

100 

C.  guilliermondii 

68 

88 

100 

100 

C.  intermedia 

60 

85 

100 

100 

“ P-lEA  concentration. 

* The  medium  used  consisted  of  glucose,  20  g; 
KH  2PO  4, 3.5g;  (NH ,)  jSO  4, 2.5  g;  MgSO  4-7H  ,0, 2.6  g; 
CaCl2'2H20,  2.5  g;  and  biotin,  30  pg;  in  1 liter  of 
distilled  water.  A 5-ml  amount  of  medium  was  inoc- 
ulated with  0. 1 ml  of  a 24-h  culture  and  incubated  at 
30  C for  48  h.  Growth  was  measured  in  a Klett- 
Summerson  colorimeter  at  540  nm. 
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Fig.  6.  Effect  of  fi-IE A and  P-IIA  on  growth  of  C.  albicans. 


caused  by  /3-ILA  may  be  due  to  its  own  effect  or 
due  to  its  conversion  product.  The  conversion  of 
/3-ILA  to  /3-IEA  is  revealed  by  isolating  /8-IEA 
from  a culture  filtrate  of  C.  albicans  incubated 
with  /3-ILA  for  8 h.  However,  the  antimicrobial 
effect  of  /3-ILA  by  itself  is  evident  from  studies 
on  gram-positive  and  -negative  organisms. 
Thus,  the  autoantibiotic  effect  of  ^-ILA  might 
be  due  to  its  conversion  product  but  may  also  be 
considered  as  its  own  effect.  The  data  presented 
reveal  Uie  ability  of  Candida  spp.  to  convert  a 
normal  metabolite  such  as  L-tryptophan  to  /3- 
lEA  and  /3-ILA.  They  are  possibly  biosynthes- 
ized via  the  following  pathway; 

L-Tr3fptophan 

indole  psruvic  acid  ^ indolelactic  acid 

i 

indole  acetaldehyde  — » indoleethanol 

The  differences  in  the  quantitative  production 
of  various  alcohols  from  the  corresponding 
amino  acids  may  be  due  to  the  substrate  speci- 
ficity of  the  enzyme  and/or  to  the  autoinhibition 
exerted  by  the  end  products,  namely,  the  alco- 
hols concerned. 
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SUMMARY:  Candida  guilliermondii  produced  p-phenethyl  alcohol 
and  p-phenyllactic  acid  when  grown  in  a synthetic  medium  contain- 
ing L-phenylalanine  as  sole  source  of  nitrogen.  The  cell-free 
preparations  from  these  cells  showed  the  following  enzymes; 
phenylalanine  aminotransferase,  phenylpyruvate  decarboxylase, 

phenylpyruvate  reductase  and  phenylaoetaldehyde  reductase.  The  j 

cell-free  preparations  of  C.  guilliermondii  grown  in  medium  with  i 

ammonium  sulfate,  lacked  these  enzyme  activities,  indicating  the 
inducible  nature  of  these  enzymes.  The  results  indicate  the  role 
of  p -phenylpyruvate  as  a key  intermediate  in  the  pathway  of  bio- 
synthesis of  p-phenethyl  alcohol  and  p-phenyllactic  acid  from 
L-phenylalanine. 

INTRODUCTION 

L-Phenyl alanine  is  converted  to  either  L-tyrosine  or 
P -phenylpyruvate  in  bacteria  (1,2),  to  cinnamate  in  most  of  the 
plants  and  fungi,  and  to  tyrosine  in  mammalian  systems.  Thus, 
the  pathway  involved  in  the  catabolism  of  L-phenylalanine  varies 
widely  in  diverse  organisms.  However,  in  phenylketonuria  patients, 
phenylalanine  metabolism  leads  to  accumulation  of  p -phenylpyruvate, 
p-phenyllactate  and  phenylaoetylglut amine  (3). 

The  biosynthetic  abilities  of  different  species  of 
Saccharomyces  and  Candida  have  been  exploited  in  the  production 
of  alcohols  (4-7),  vitamins  (8),  and  enzymes  (9).  Candida  albicans 
excretes  p-phenethyl  alcohol  (p-PEA)  when  grown  in  Sabouraud's 
broth  (10)  or  defined  media  (11).  Several  species  of  Candida  have 
been  reported  to  produce  aromatic  alcohols  like  p-PEA  (11), 
p-(4-hydroxyphenyl) -ethanol  (HOPEA)  (12)  and  p-indoleethanol 
(p-IEA)  (13)  when  L-phenylalanine,  L-tyrosine  or  L-tryptophan 
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served  as  sole  sources  of  nitrogen,  respectively.  Though  the 
pathways  Involved  In  the  biosynthesis  of  these  aromatic  amino 
acids  In  yeasts  have  been  extensively  studied,  little  Is  known 
about  the  enzymology  of  their  catabolism.  The  enzymology  of  the 
biosynthesis  and  regulatory  aspects  of  ^-F£A  and  ^-I£A  are  of 
great  Interest  In  view  of  their  reported  autoantlblotlc  activity 
(14).  In  this  communication,  we  report  the  demonstration  of 
the  activities  of  the  enzymes  uhlch  convert  L-phenyl alanine  to 
p-PEA  and  p-PLA  In  2.*  gullllermondll. 

MATERIALS  AND  METUOBS 

Chemicals;  L-Phenyl alanine,  p-phenylpyruvate,  p-phenyl- 
lactate,  p-phenethyl  alcohol,  a-ketoglutarate,  NASH,  NABPH,  PLP, 
and  TPP  were  obtained  from  Sigma  Chemical  Company,  St.  Louis, 

Mo,  U.S.A.  Phenylacetaldehyde  obtained  locally  was  purified  by 
distillation. 

Qrgani nm;  Candida  gullllermondll  Z55  was  obtained  from 
the  London  School  of  hygiene  and  Tropical  Medicine,  London.  Stock 
cultures  were  maintained  by  bimonthly  subculturlng  on  Sabouraud's 
glucose  agar  slants. 

Growth;  The  medium  used  for  growing  cells  was  of  the 
composition;  glucose,  2^;  (NH4)2S04,  0.25^  or  phenylalanine, 

0.1%i  CaCl2.2H20,  0.25)t;  MgS04.7H20,  0.25)^}  KH2PO4,  0.35)4;  and 

biotin,  3 |ig/100  ml. 

Erlenmeyer  flasks  of  500  ml  capacity  each  containing  200  ml 
of  medium  were  Inoculated  with  20  ml  of  10  h culture  of  £.  gullller- 
mondll In  the  same  medium,  and  grown  for  12  to  24  h on  a rotary 
shaker  at  30+lOc.  The  cells  were  harvested  by  centrifugation  In 
Sorvall  RC2-B  centrifuge  at  4,000xg  at  O-40C.  The  cell-pellet  was 
washed  thrice  with  Ice-cold  0.05M  phosphate  buffer,  pH  7.0. 

Cell-free  preparations;  Cells  of  2.*  ^lllisrmondll  were 
ground  ror  15-20  min  with  twice  the  amount  of  acid-washed  sand 
(60-80  mesh)  In  a precooled  mortar.  The  slurry  was  extracted  with 
0.05M  Tris-HCl  buffer,  pH  7.4.  The  suspension  was  centrifuged  at 
18,000xg  for  30  min.  The  supernatant  was  used  to  assay  various 
enzyme  activities.  Protein  content  was  estimated  by  the  method  of 
Lowry  si.  Si*  (15). 

Enzyme  assays;  Phenylalanine  aminotransferase  activity 
was  ass^ed  according  to  the  procedure  of  Lin  si  (16). 

Phenylpyruvate  formed  was  estimated  as  its  enol-borate 
complex,  which  absorbs  at  300  nm. 

Phenylpyruvate  decarboxylase  activity  was  assayed  using 
standard  manometric  technique  (17),  by  measuring  carbon  dioxide 
released. 
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Tabla  1.  Snzymes  Involved  In  biosynthesis  of  p-phenethyl  alcohol 
In  Candida  gulllleraondll 


Enzyme 

Substrate 

System 

Specif lo 
activity 

1.  Phenylalanine  amino- 

L-Phenylalanlne 

Complete 

210 

transferase^ 

- 

a-Keto- 
glut  arate 

- 

- 

Phe 

- 

- 

PLP 

- 

2.  Phenylpyruvate 
decarboxylase^ 

'p -Phenyl- 
pyruvate 

Complete 

TPP 

47 

- 

- 

- 

Substrate 

- 

3.  Phenylpyruvate 
reduo tase° 

p -Phenyl- 
pyruvate 

Complete 

18 

4.  Phenylacetaldehyde 
reductase^ 

Phenyl- 

acetaldehyde 

Complete 

1600 

a.  Complete  system.ln  a final  volume  of  2.5  ml,  contained  L-phenyl-  i 

alanine,  30  jimolesj  a-ketoglutarate,  30  jimoles;  pyrldoial 

phosphate,  10  nmoles;  potassium  phosphate  buffer,  pH  8.0, 

250  ijimolea;  and  enzyme  protein  (1.5  mg).  Assay  temperature 

W€IS  j f • 

b.  Complete  system.  In  a final  volume  of  3.2  ml,  contained  p-phenyl- 
pyruvate,  20  mmoles;  MgCl2,  1 ^mole;  thiamine  pyrophosphate, 

2 (imoles,  potassium  phosphate  buffer,  pH  6.0,  1 mmole;  and 
enzyme  protein  (1.5  mg).  Assay  temperature  was  37O0. 
c and  d.  Complete  system.  In  a final  volume  of  2 ml,  contained 
p-phenylpyruvate,  20  mmoles,  or  phenylacetaldehyde,  10  (imolea; 

NADH  or  NADPH,  0.2  pmoles;  potassium  phosphate  buffer,  pH  6.5,  i 

50  pmoles;  and  enzyme  protein  (0.5  mg).  Assay  temperature  was  1 

i 

] 

i 


The  activities  of  phenylpyruvate  reductase  and  pheryl- 
acetaldehyde  reductase  were  assayed  by  determining  the  decrease 
In  absorbancy  of  reduced  pyridine  nucleotides  at  340  nm  In  a 
Carl  Zeiss  spectrophotometer. 

One  unit  of  activity  is  defined  as  equlvedent  to  that 
£unount  of  the  enzyme  which  catalyzes  the  conversion  of  one  nmole 
of  substrate  per  minute.  Specific  activity  is  expressed  as 
units  of  enzyme  activity  per  milligram  protein. 
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RESULTS  AJO)  DI SOUS SI ON 


The  ability  of  S..  guilliermondii  to  grow  in  synthetic  media 

containing  L-phenyl alanine  as  sole  source  of  nitrogen  and  to 

produce  p-PEA  has  been  reported  earlier  from  our  Laboratory  (11). 

Gell-free  preparations  from  these  cells  showed  phenylalanine 

aminotransferase  (PAT)  activity  (Table  1).  The  enzyme  displayed 

an  absolute  requirement  for  pyridoxal  phosphate  for  its  activity. 

The  occurrence  of  PAT  in  several  organisms  (1)  including  yeasts 

viz.,  cerevisiae  (18),  and  in  fragilis  (19)  was  reported 

and  its  role  in  the  metabolism  of  L-phenyl alanine  reviewed  (1). 

Phenylpyruvate  decarboxylase  which  catalyzes  the  non-oxidative 

decarboxylation  of  p-phenylpyruvate  to  phenyl acetaldehyde,  was 

also  detected  in  the  cell-free  preparations.  It  required  both 

2+ 

thiamine  pyrophosphate  and  Mg  for  its  activity.  The  occurrence 
of  this  enzyme  in  bacteria  was  reported  (20).  Oell-free  prepa- 
rations of  2.*  guilliermondii  also  showed  activity  of  phenyl- 
pyruvate reductase  which  catalyzes  the  reduction  of  p-phenyl- 

pyruvate  to  p-PLA,  and  the  reaction  is  reversible.  Both  NADH 
auid  NADPH  served  as  electron  donors.  The  product  of  the  reaction 
catalyzed  by  this  enzyme,  viz.,  p-PLA  was  isolated  and  identified 
by  paper  chromatography  (11).  The  presence  of  this  enzyme  was 
also  reported  in  phenylketonurics,  who  excrete  p-PLA,  L-phenyl- 
alanine,  p-phenylpyruvate  and  phenylacetylglutamine  in  urine  (21). 
Oonversion  of  p -phenylpyruvate  to  p-PLA  has  not  so  far  been 
reported  in  microorganisms  including  yeasts. 

Phenylacetaldehyde  reductase  which  reduces  phenylacet- 
aldehyde  to  p-PEA  requiring  either  NADH  or  NADPH  for  its  activity 
was  also  detected  in  cell-free  preparations  of  2*  guilliermondii . 
Though  a possible  mechanism  of  its  conversion  in  plants  has  been 
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proposed  by  earlier  workers  (22),  its  activity  has  not  been 
demonstrated.  However,  an  enzyme  converting  p-hyd rosy phenyl - 


acetaldehyde  to  tyrosol  in  cerevJ 
Cell-free  preparations  of  C. 


was  reported  (18). 


grown  on 


ammonium  sulfate  as  nitrogen  source  failed  to  show  these  enzyme 
activities  indicating  the  inducible  nature  of  these  enzymes. 

The  results  presented  here  indicate  the  role  of  p-phenylpyruvate 
as  a key  intermediate  in  the  conversion  of  L-phenylalanine  to 
p-PEA  and  p-PLA  by  the  pathway  proposed  below.  A similar  pathway 
might  be  operating  in  the  biosynthesis  of  HOPEA  and  p-IEA  from 
L-tyrosine  and  L-tryptophan,  respectively,  in  Candida  species. 
Studies  on  purification  and  characterization  of  these  enzymes, 
and  their  role  in  the  regulation  of  the  pathway  are  in  progress. 

The  proposed  pathway  for  the  biosynthesis  of  p-phenethyl 
alcohol  and  p-phenyllactate  from  L-phenylalanine  in  Candida 
guilliermondii  is  as  follows; 


L-Phenylal anine 


o- 


CH„-CH-CO„ 

k I 2 


P -Phenylpyruvate 


a 


CH,-C-CO„ 
2 U 2 
0 


p-Phenyllactate 


a 


CHg-CH-COg 


a 


H 

I 

■CHg-CniO 

Phenylacetaldehyde 


■CH2-OH 


p -Phene thy 1 alcohol 
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6c.  Refflilation  of  phenylalanine  aminotransferase 
activity  in  Candida  ^uillie rmondii 


Phenylalanine  aminotransferase,  the  first  enzyme 
of  the  pathway  in  the  biosynthesis  of  PEA,  converts 
L- phenyl alanine  to  p-phenylpyruvic  acid  and  is  induced 
by  L-phenylalfmine  by  15-20  fold.  The  enzyme  was 
maximally  induced  by  6 hr  with  an  optimum  concentration 
of  the  inducer  at  6 mli/I.  The  fact  that  the  induction 
is  blocked  completely  by  cycloheximide  at  as  low  a con- 
centration as  lO'^^M,  indicates  that  the  enzyme  is 
synthesized  ^ novo.  Removal  of  glucose  from  the 
induction  medium  reduced  the  activity  by  60?4.  Induced 
synthesis  of  the  enzyme  is  inhibited  completely  by 
10  -^M  each  of  azide,  DNP,  cyanide  and  antimycin  A. 

These  results  reveal  that  the  induction  of  the  enzyme 
is  energy- dependent.  Metabolites  of  L- phenylalanine 
viz.,  phenylpyruvic  acid,  phenylacetaldehyde , PEA  and 
PLA  have  been  tested  at  1 mM,  8 mM  and  10  mM  concent- 
rations for  their  repression  on  the  enzyme  synthesis. 

_ 7 

Among  these  only  PLA  at  10  M concentration  showed  over 
90^  repression  of  enzyme  synthesis.  Present  results 
explain  the  regulatory  properties  of  phenylalanine 
aminotransferase  activity  and  how  its  activity  is 
controlled  by  the  concentration  of  Phi. 


6d.  Regulation  and  properties  of  nitrate  reductase 
in  Candida  utilis 


A study  was  undertaken  to  delineate  the  enzymo- 
logical  basis  of  nitrate  assimilation  in  yeasts  and  to 
gain  further  insight  into  and  understanding  of  this 


L 
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complex  process  as  a whole.  Lmphasis  was  laid  on  the 
regulatory  aspects  of  nitrate  reductase  in  order  to 
explain  the  subtle  differences  it  may  possess  from  the 
enzyme  from  other  sources. 

Candida  utilis  known  as  'Pood/Podder  yeast',  was 
chosen  for  the  study  as  it  provides  an  ideal  system  for 
investigation  on  nitrate  assimilation  by  virtue  of  its 
structural  simplicity,  non-pathogenicity,  rapid  growth, 
adaptability  to  a wide  range  of  conditions  and  above  all, 
for  its  ability  to  readily  utilize  a variety  of  nitrogen 
sources,  including  nitrate  (La  RMe,  T.A. , and  Spencer, 
J.P.T.,  1968,  Gan.  J.  Microbiol.  79-86). 

Aspects  investigated  include:  Decryptification  of 
nitrate  reductase  activity  ( pages*  108-111  )j  its 
characterization  (pages,  112-122);  its  regulatory 
properties  (pages,  123-130  ) and  its  molecular  basis  of 

induction  (pages  , 131-135). 
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DECRYPTIFICAnON  OK  NITRa  IE  KEDUCI  ASE  ACTlVliy  IN  THE  YEAS  I CASDtO  i UTILIS 

V.  PRABHAKARA  CHOUDARY  and  G.  KAMANANDA  KAO 
Microbiology  und  Cell  Biology  Laboratory,  Indian  Institute  of  Seiein  e,  Bangalore  SbO  012  (India) 


Abstract 

A diverse  variety  of  chemicals  and  dross  are  known  Ivj  affect  the  cell  walls  of  bacteria 
and  yeasts  resulting  in  an  enhanced  access  of  the  intracellular  enaymes  to  the  added  substrates. 
Ihe  ability  of  organic  solvents,  antifungal  drugs,  detergents,  and  chelating  comixaunds  to 
dccryptify  NADfPfH;  nitrate  oxidorc-ductase  (EC  f.b.fi.J)  activity  in  i.aiiJiJa  utilii,  has 
been  investigated.  Of  these,  toluene,  butanol,  2-phenylethanol  and  amphoteticin  b,  in  that 
order,  are  effective.  The  degree  of  decryptification  is  dependent  on  the  concentration  of  the 
agent,  and  at  2’5%  (v/v),  toluene-ethanol  elicited  highc-st  enaynie  activity.  Thc-se  permeated 
cell  preparations  greatly  aid  ir.  the  regulatory  studies  of  various  yeast  enzymes  in  snu. 


• Introduction 

INVESriGAllONS  concernmg  regulatory  pheno- 

mena,  viz.,  induction  and  repression  of  various 
enzymes  such  as  ^j-galactosidase  in  Escherichia  coli 
were  carried  out  in  situ  using  permeated  bacterial 
cells'  *,  thus  doing  away  with  the  laborious  process 
of  preparing  cell-free  extracts.  The  growing 
awareness  in  the  recent  past  of  the  fallacies  inherent 
in  inferring  the  in  vivo  situation  from  in  vitro 
observations  further  strengthened  the  surge  of 

interest  in  the  development  of  novel  methods  to 
decryptify  various  enzymes  and  assay  the  activities 
in  situ  in  permeated  cells  of  a variety  of 
organisms'"'. 

The  detailed  studies  on  Ihe  regulation  of  yeast 
nitrate  reductase  (EC  1.6. 6. 2)  (NAR)  under 
investigation  in  our  laboratory  which  involve 

dcterni'nation  of  rapidly  changing  enzyme  levels*, 

necessitated  the  development  of  an  alternate  assay 
method,  which  is  simpler,  rapid  and  more  sensitive 
than  the  conventional  in  vitro  procedure. 

The  paper  is  concerned  with  the  examination  of 
ilie  relative  efficacy  of  different  compounds  in 
decryptifying  NAR  activity  in  induced  Candida 
iiiilis  cells.  The  typical  method  used  to  assay  the 
decryptified  NAR  activity  in  situ  using  permeated 
C.  utilis  cells  is  also  described. 

MvTERIAtS  AND  METHODS 

Chemicals. — Lab  reagent  grade  benzene  was  put- 
chased  from  Sarabhai  M.  Chemicals,  and  solvent  ether 
from  Alembic  Chemical  Works  Co.  Ltd.,  Baroda. 
Analytical  reagent  grade  chloroform,  DMSO,  DMF, 
acetone,  propanol,  butanol,  amyl  alcohol,  potassium 
nitrate,  sulfur-free  grade  lab  reagent  toluene  and 
polyethylene  glycol  4(H)  were  purchased  from  BDH 
Ltd.,  Bombay.  India.  2-Phenylelhanol,  amphotericin 
B.  nystatin,  griseofulvin,  sodium  salt  of  EDTA. 
NADH,  FAD,  DTT,  and  crystalline  bov'ne  -enim 
albunt'n  were  obtained  from  Sigma  Chemical  Co., 


St.  Louis,  U.S.A.  M conazole  (l-.|2-(2,  4-dichloro- 
phenyl>-2-[(2,  4-d:chlorophenyl ) mcthoxy]clhylj-l  H- 
imidazolc  munontiatc)  was  a kind  gift  froiu 
Janssen  I'liaimaccul  ca,  B-2.t40,  Beerse,  Beig  urn, 
th  ough  the  courtesy  of  F.thnor,  Ltd.,  Bombay. 
Suifan  lainide  was  purchased  from  the  Indian 
Drugs  and  Pharmaceuticals,  Ltd.,  India  and 
N-(  1-naphth)  1 ) elhylencdiamine.  2 HCI  from  BDH, 
Ltd.,  Poole.  England.  Other  chem  cals  were  of 
analytical  grade  from  BDH  Ltd.,  Bombay,  India 
or  Riedel-De  Haenag  Seelze-Hannover,  Cit.many. 

Organism  ami  Maintenance. — Candida  utilis  CBS 
4511  was  obtained  from  the  C entraalburcau  voot 
Schimmelcultures,  Delft,  Ihc  Netherlands.  The 
yeast  was  mainta  ned  by  subcultuiing  once  in  two 
months  on  Sabouraud's  glucose  agar  slants  con- 
taining neopeptonc.  Wt  : glucose,  i'i  and  yeast 
extract,  0-2%. 

Media  and  Cultivation  Techniques  — Ihe  basal 
med  urn  was  essentially  the  same  as  described  by 
Wickerham"  with  a few  modifications,  and  con- 
ta  ned  pota»:um  nitrate,  50  mM(N)  as  nitrogen 
source  (induction  medium).  The  yeast  was 
cultured  by  inoculat'ng  Equid  m;d  urn  in  500  m!- 
Erlcnmcyer  llasks  with  5^'  (c/v)  of  24  h 

culture,  aeiated  by  shaking  on  an  Emenvee  gyratory 
.shaker  (180  rpm)  at  .50°  C'.  The  cells  in  late 
exponential  phase  of  growth  ( 12  h after  inocula- 

tion) were  harvested,  washed  with  chilled  phosphate 
buffer,  and  packed  by  centrifugation  at  6,000  x g 
for  5 m n.  at  4°  C in  a Sorvall  RC  2-B  centrifuge. 
The  packed  cells  were  stored  frozen  at  — 10°  C 
tin  use. 

Induct  on  of  SAR. — The  cells  of  C.  utilis  grown 
on  KNO..  (K?.  w v)  as  nitrogen  source  had  high 
levels  of  NAR  activity.  The  'nducibdity  of  NAR 
in  C.  utils  by  NO.,'  was  reported'-. 

Rreparation  of  Permeated  Yeast  Cells. — The 
general  procedure  of  permeating  the  yeast  cells  was 
as  follows  : An  aliquot  of  0-05  ml  chilled 


Uccr>piiryini;  aticnt  uas  added  lo  2 ml  uf  the  cell 
suspension  (ItM*  nig  (fresh  wi  I of  induced  cells/ml 
of  preparation  buffer’.  01  M phosphate  buffer. 
pH  7 0 eonialning  It)  • M DIT  and  1-5  x 10  » M 
F-DTA]  in  a 16  mni  test-tube,  and  shaken  for 
2 min  at  4“  C on  a Jay  Vortex  Mixer.  Suitable 
aliquots  of  this  preparation  were  used  to  assay 
NAR  in  situ 


Results 

Relative  Lfficucy  of  Various  Permeatmn  Agents 
in  Deers' ptifying  NAR  Activity  in  C.  utilis. — To 
select  a suitable  permeating  agent  that  can  effec- 
tively decryptify  NAR  in  C.  utilis,  cells  from 
exponential  phase  of  growth  were  harvested,  washed, 
and  suspended  in  the  preparation  buffer  to  give 
100  mg  (wet  wt)  of  cells/ ml,  and  treated  with 
various  permeating  agents  reported  in  the  literature, 
such  as  different  organic  solvents  including  alcohols, 
membrane-affecting  drugs,  chelating  agents,  etc., 
according  to  the  typical  procedure,  described  under 
Materials  and  Methods.  A comparison  of  the 


relative  levels  ol  !<AR  activity  uf  (he  cells 
permeated  by  different  solvents  showed  toluene  to 
be  the  most  effective,  and  benzene  the  next  best 
l iable  I).  Acetone,  UMSO,  ciiloroturm,  ether  and 
UMF  were  nut  efficient  as  permeating  agents. 


Enzvine  Assay  : 

NAR  in  situ. — I he  leaction  mixture  contained. 
KNO,.  0 (12  M ; 0-5  ml  (Ml  mg  fresh  w()  of 
petmeated  cell  pieparafon.  and  01  M pyrophos- 
phate buffer.  pH  7 ()  lo  give  a final  volume  of 
I ml.  The  icaction  was  carried  out  10  min.  at 
.17*  C and  leiniiiiated  by  the  addition  of  I ml  of 
I'T  sulfanilamide  In  IN  HC'I.  The  nitrite  content 
of  an  aliquot  of  the  supernatant  obtained  after  low 
speed  centrifugation  was  determined.  There  waa 
no  significant  reduction  of  nitrite  in  blanks  under 
the  assay  conditions. 


Decryptification  of  nitrate  reducatase  activity  in 
C.  utilis  hy  various  compounds 


NAR'  specific  activity 


Analytical  A.vs<jy  : 

Nitrite. — fhe  nitrite  content  of  1 ml-reactlon 
mixture  was  determined  colorimetrically  by  a 
modification  of  the  diazo  coupling  procedure 
described  by  Snell  and  Snell*'',  with  I ml  of  1% 
(w  vl  sulfanilamide  in  3 N HC'I  followed  by  I ml 
of  ()  ()2''(’  (w/v)  N-(  I -naphthyl ) ethylenediamine 

dihydrochloride,  and  distilled  water  to  give  a final 
volume  of  5 ml.  After  10  min,  the  color  intentity 
was  determined  at  .'40  nm  with  a Beckman  model 
DU  spectrophotometer.  The  absorbancy  values 
v/ere  converted  into  nmoles  of  nitrite  by  multiplica- 
tion with  the  slope  of  a nitrite  concentration 
reference  curve  made  with  sodium  nitrite. 

Units  and  Specific  Activity. — One  unit  of  activity 
is  defined  as  equivalent  to  that  amount  of  the 
enzyme  which  catalyzes  the  formation  of  I nmole 
of  nitrite  per  1 min  and  the  specific  activity  is 
expressed  as  units  per  mg  of  total  extractable 
protein  (5.'  mg  g fresh  yeast). 


Organu  suhenn : 

Toluene 

18  U 

Benzene 

9 9 

Acetone 

II 

DMSO 

0 1 

Ak'ohots : 

Butan-I  Ol 

16-2 

?-phenylethanol 

14-7 

Kthanol 

13  2 

Polyeihvlenc  vlycol  tOO 

7-8 

Propan-2-ol 

5-4 

Membrane-,  cti  e : 

Amphotericin  B 

12  0 

Miconazole 

8 0 

a used  at  a concentration  of  5%  (V./VJ. 
b The  final  concentration  was  1 mM 
c Assayed  in  situ  at  37  “C  for  10  min 

Butanol,  followed  by  ethanol,  was  the  best  among 
the  aliphatic  alcohols  tested  in  decryptifying  NAR 
activity.  Phenylelhanol,  (he  only  aromatic 
alcohol  tested  was  almost  as  effective  as  butanol. 
Although  polyethylene  glycol  400  and  propanol  did 
show-  some  effect,  the  relative  levels  of  NAR  activity 
dccrypf'ficd,  however,  were  not  significant. 

A number  of  antifungal  drugs,  known  to  affect 
cell  membranes  of  the  susceptible  organisms,  were 
also  tested  for  their  efficacy  in  permeating  yeast 
cells.  Amphotericin  B was  most  effective 
folowed  by  miconazole,  a synthetic  com- 
pound recently  coming  into  increasingly  wide 
use  as  a broad-spectrum  antimicrobial  drug. 
Nystatin  and  griseofulvin,  at  the  concentrations 
tested,  had  little  effect.  Various  detergents  like 
Triton  X-lOO,  Brij,  sodium  deoxycholate  either 
failed  to  bring  about  any  decryptification  of  NAR 
activity  or  inactivated  the  enzyme.  Similarly, 
EDTA-'*  and  bovine  serum  albumin?  used  by 
earlier  workers  as  permeating  agents,  were  not 
useful  in  decryptifying  NAR  activity  of  C.  utilis 
cells. 


tcgeit  of  C unit' lit  rat  ion  of  the  Henueating  Agent 
on  Oegryptification  of  SAR  Activity. — Further, 
the  elfect  of  varying  the  concentration  and  com- 
position of  the  permeating  agent  on  decryptifica- 
t:on  of  NAR  activity  was  investigated.  Figure  1 

shows  the  effect  of  ditferent  concentrations  of  toluene, 
ethanol  and  their  mixture  on  permeation  of  the 

yeast  cells.  Although  toluene  was  very  effective 
m peinieating  the  yea.sl  cells,  its  effect  was  enhanced 
signilicantly.  «heu  it  was  used  in  combination 
with  ethanol,  as  indicated  by  increased  levels  of 

N.\R  activity.  Ma.ximal  enzyme  activity  was 
elicited  by  2-5'^  (v/v)  toluene-ethanol  (1  : 4, 

v/v).  Higher  concentral’ons  of  to^uene-etl^anol, 
however,  were  deleterious  to  the  enzyme  activity'^. 
This  could  be  due  to  the  probable  sensitivity  of  the 
enzyme  to  alcohol  because  toluene,  by  itself  did 
not  affect  NAR  activity  at  higher  concentrations. 
Untieated  cells,  however,  showed  no  evidence  of 
decryplilied  NAR  activity. 


Fio.  I.  Decryptification  of  nitrate  reductase 
activity  in  C.  iiiilis  as  a function  of  the  concentra- 
tion of  the  permeating  agent.  An  O.D.  of  I -0  at 
54(1  c'''Tespond'  m 10  nmoles  of  nitrite  formed/ 
min/mg  ^teir.  toluene  ; ( A ) ethanol ; 

(□I  lOluene-etha...  ; I,  v/v  ; (A)  toluene- 

ethanol,  I : 2,  v/v  ; ( O)  toluene-ethanol,  I : 4,  v/v, 

DtscussioN 

Of  various  permeating  agents  examined,  toluene, 
in  combination  with  alcohol,  was  most  effective  in 
decryptifying  NAR  activity  in  C.  utilis  cells.  A 
variety  of  substances  including  toluene'- x.u.ir 
benzene",  DMSO",  polyene  antibiotics-*,  basic 
proteins’,  and  chelating  compounds-"',  was  reported 
to  permeate  bacterial  and  yeast  cells.  Toluene 
found  extensive  use  in  such  studies  for  its 
selective  action  on  the  cells  rendering  them  freely 
permeable  to  a wide  variety  of  low  molecular 
weight  substances'"  Our  results  substantiate 
this  observation  rcga.ding  the  high  retention  of 


the  enzymatic  potential  of  the  tiealed  cells.  The 
absence  of  NAR  activity  in  cells  treated  with  EDTA 
(widely  used  by  other  workers  to  peimeate  cells) 
may  be  the  result  of  the  inhibition  by  HDTA  of  the 
activity  of  NAR,  a metalloHavo-prolein  lather  than 
its  failure  to  permeate  yeast  cells'-*. 

Ihe  toluene-treated  cells  showed  high  NAR 
activity  under  in  situ  conditions  without  added 
cofactois'",  contrary  to  the  property  of  NAR  in  vitro, 
where  the  enzyme  showed  an  absolute  requirement 
for  NAIJ  ( P)  H'* However,  the  addition  of 
coenzymes  increased  Ihe  in  situ  activity  by  50%. 
I he  initial  high  in  situ  activity  could  be  due  to 
Ihe  participaliion  of  endogenous  NAD(P)H  and 
FAD  in  Ihe  reaction.  Presence  of  adequate 
intracellular  concentrations  of  NADH  and  cAMP 
in  yeast  cells  was  recently  reported  by  Gancedo  and 
Gancedo's. 

The  proposed  in  situ  assay,  thus,  is  much 
simpler,  less  expensive,  quite  sensitive  and  reliable, 
and  enables  one  to  overcome  the  apparent  short- 
corn  ngs  attributed  to  the  in  vitro  method  of  assay. 
The  additional  advantage  that  the  cells  need  no 
other  supplement  of  the  coenzymes  for  routine 
assay  of  the  enzyme  activity  in  situ,  makes  this 
procedure  uniquely  distinct  even  over  the  other 
in  situ  assay  methods  known,  where  the  only 
advantage  over  the  conventional  in  vitro  methods 
is  that  whole  cells  can  be  used  in  place  of  cell-free 
preparations.  All  our  subsequent  studies  on  the 
regulatory  phenomena  controlling  the  biosynthesis 
of  NAR  in  C.  utilis,  which  involve  handling  of 
innumerable  concentrations,  and  assay  of  NAR 
activities  at  brief  time  periods,  are  conducted 
using  Ihe  in  .situ  technique  and  the  results  appear 
elsewhere. 
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Abstract 

The  assimilatory  nitrate  reductase  [NAD  (P)H:  nitrate  oxido- 
reductase,  EC  1.6. 6. 2]  of  the  nitrate-utilizing  yeast  Candida  utilis  was 
prepared  in  soluble  form  from  cells  grown  aerobically  with  nitrate  as  the 
nitrogen  source,  and  some  of  its  properties  studied.  The  enzyme  is 
cytoplasmic  in  intracellular  distribution  and  its  activity  is  NAD  (P)  H- 
dependent.  The  enzyme  utilized  both  NADH  and  NADPH  as  electron 
donors  but  not  reduced  viologen  dyes,  flavins  and  other  reductants. 
Flavin  compounds,  at  higher  concentrations,  decreased  the  enzyme 
activity,  while  at  very  low  concentrations,  FAD  (10'®  M)  showed 
little  stimulation. 

The  optimal  activity  of  the  enzyme  was  obtained  when  the  reaction 
was  carried  out  for  10  min  at  37°  C at  pH  7 0 with  20  mM  KNO3, 

01  mM  NAD  (P)  H,  0.01  mM  FAD  and  140  ng  enzyme  protein. 

Complete  loss  of  enzyme  activity  was  observed  on  exposure  to 
50°  C for  3 min.  pHMB,  cyanide,  azide  and  EDTA,  in  that  order,  inhi- 
bited the  enzyme  activity  effectively.  The  inhibition  caused  by  pHMB 
was  largely  reversed  by  DTT. 

1.  Introduction 

Nitrate  reductase,  which  catalyzes  the  first  step  in  the  assimilatory  reduc- 
tion of  nitrate,  viz.,  conversion  of  nitrate  to  nitrite,  attracted  best  attention 
for  its  biosynthetic  complexity*-®  and  mechanistic  intricacies.’-®  It  has 
been  well  characterized  in  plants,  algae,  fungi  and  bacteria.®-**  On  the 
other  hand,  the  information  on  this  enzyme  from  nitrate-utilizing  yeasts  is 
yet  scarce,**-*®  except  for  the  preliminary  investigations  by  Silver,'®  and 
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Pichinoty  and  Metenier**>’*  on  Hansenula  anomala.  These  studies  indicated 
that  nitrate  reductase  (NAR)  from  H.  anomala  is  an  inducible  metallo- 
flavoprotein,  similar  in  all  respects  to  that  of  Neurospora  crassa  except  for 
the  difference  in  the  specificity  for  reduced  pyridine  nucleotides.  Later, 
Rivas  et  al.,^^  working  with  Torulopsis  nitratophila,  corroborated  this  obser. 
vation.  Further,  these  authors  reported  thatjthe  enzyme  from  T.  nitratophila 
exists  in  active  and  inactive  forms,  which  are  interconvertible,  and  to  effi- 
ciently use  NADH,  MVH  and  BVH  as  electron  donors  for  its  activity. 

Recently,  interest  in  this  enzyme  from  yeasts  has  been  revived  with 
intensive  investigations  initiated  in  our  laboratory  on  assimilation  of  inorganic 
nitrogen  compounds  by  various  yeasts  including  the  food  yeast  Candida 
utilis.  The  occurrence  of  inducible  nitrate  reductase  in  the  cells  of  C.  utilis 
grown  in  presence  of  nitrate  was  reported.^’  £)etailed  studies  were  conducted 
on  various  aspects  of  the  regulatory  phenomena  that  control  the  induction 
of  nitrate  reductase  in  C.  utiHs.^'^ 

We  report  in  the  present  paper  the  preparation  and  in  vitro  characteri- 
zation of  a soluble  NAD  (P)  H-nitrate  reductase  from  C.  utilis  grown  on 
nitrate  and  compare  its  properties  with  those  from  other  systems,  already 
reported  in  the  literature. 

2.  Materials  and  Methods 

Chemicals 

NADH,  NADPH,  FMN,  FAD,  glutathione  (reduced  form),  pHMB, 
/3-mercaptoethanol,  L-cysteine,  DTT  and  methyl  viologen  were  obtained 
from  Sigma  Chemical  Company,  U.S.A.;  sulfanilamide  from  Indian  Drugs 
and  Pharmaceuticals  Ltd.,  Hyderabad;  N-(l -naphthyl)  ethylenediamine 
dihydrochloride  and  benzyl  viologen  from  BDH  Limited,  England,  and  neo- 
peptone and  yeast  extract  from  Difco  Laboratories,  Detroit,  U.S.A.  KNOs, 
hydra 7:ineH„SO„  ammonium  sulfate  and  KHjPO*  were  analytical  reagents, 
and  NH2OH.HCI,  urea  and  EDTA  lab  reagents  from  BDH  Ltd.,  Bombay. 
Analytical  grade  NaNO,  was  purchased  from  Sarabhai  M.  Chemicals  Ltd., 
Baroda,  KsHPO*  from  J.  T.  Baker  Chemical  Co.,  New  Jersey,  U.S.A.,  and 
sodium  dithionite  from  E.  Merck  A.  G.  Darmstadt,  Germany.  Sodium 
pyrophosphate  was  obtained  from  Reidel-de  Haenag,  Seelze-Hannover, 
Germany. 

Buffers 

Buffer  solutions  were  prepared  by  the  method  of  Gomori**  using 
potassium  phosphate  salts. 
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“ Preparation  buffer  ” : 0 • 1 M Phosphate  buffer,  pH  7 ■ 0,  with  0*15  mM 
EDTA  and  01  mM  DTT. 

“ Washing  buffer"-,  0-001  M Phosphate  buffer,  pH  7-3  with  O lSmM 
EDTA  and  0-1  mM  DTT. 

Medium 

The  basal  liquid  medium  for  loutine  cultivation  of  yeasts  was  prepared 
essentially  according  to  the  formula  of  Wickerham.®  KNO3  was  used  as 
nitrogen  source  and  manganese,  400/Lig/L  and  molybdenum  SOO/ng/L  were 
additional  inclusions. 

Organism  and  maintenance 

Candida  utilis  CBS  4511  was  obtained  from  the  Centraalbureau  voor 
Schimmelcultures,  Delft,  The  Netherlands.  The  yeast  was  subcultured 
every  two  months  and  maintained  by  transfer  and  growth  on  Sabouraud’s 
glucose  agar  slants  containing  1%  neopeptone,  1%  glucose  and  0-2%  yeast 
extract. 

Cultivation  of  the  yeast 

The  yeast  cells  from  a slant  grown  for  24  h were  suspended  in  2 ml  of 
sterile  distilled  water  and  75  X 10“  cells  used  to  inoculate  200  ml  of 
the  medium  contained  in  500  ml  Eilenmeyer  flasks.  The  flasks  were 
then  shaken  for  12hrs  on  an  Emenvee  gyratory  shaker  (180  rpm)  at  30°  C. 

Cell-free  preparations 

The  yeast  cells  thus  grown  in  presence  of  nitrate  were  harvested,  washed 
with  ice-cold  distilled  water  and  washing  buffer,  and  packed  by  centrifuga- 
tion at  4°C.  The  cells  were  then  homogenized  by  grinding  for  15  min  at 
4°C  with  three  times  their  weight  of  chilled  carborundum  and  extracted 
with  three  volumes  of  cold  preparation  buffer.  The  supernatant,  obtained 
by  centrifugation  of  the  slurry  foi  20  min  at  20,000  xg  in  a refrigerated 
RC2-B  Sorvall  centrifuge,  was  used  to  assay  the  activities  of  various  enzymes 
in  vitro. 

Enzyme  assays 

NAD(P)H-nitrate  reductase  (NAR):  NAD(P)H-nitrate  oxido- 
reductase  (EC  1. 6.6.2)  activity  was  assayed  essentially  according  to  the 
procedure  described  by  Nason  and  Evans."  The  assay  mixture  in  a final 
volume  of  1 ml  contained  pyrophosphate  buffer,  pH  7-0,  0-04M;  KNOj, 
0-02  M ; FAD,  0-01  mM ; NAD  (P)  H,  0- 10  mM ; and  sufficient  enzyme 
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to  result  in  the  formation  of  5-40  nmoles  of  nitrite.  The  reaction  was  carried 
out  for  10  min  at  37"  C,  terminated  by  the  addition  of  1 ml  of  1%  (w/v) 
sulfanilamide  in  3N  HCl,  and  the  nitrite  formed  was  estimated.  A zero- 
time control  was  included  to  correct  for  turbidity  caused  by  the  enzyme. 
One  unit  of  activity  is  defined  as  equivalent  to  that  amount  of  the  enzyme 
which  catalyzes  the  formation  of  1 nmole  of  nitrite  per  minute,  and  the 
specific  activity  is  expressed  as  units  per  milligram  protein. 

Reduced  flavin  nucleotide-nitrate  reductases  (FNHg-NAR):  The 
reaction  mixture  for  determination  of  FNHj-NAR  activities  consisted  of 
KNO3,  0 02  M;  FAD/FMN,  0 01  mM;  enzyme,  01  ml  (=:  1 mg  protein); 
0 03  ml  of  a freshly  prepared  solution  of  dithionite  (8  mg  per  ml  of  0-8% 
NaHCOa)  and  01  M phosphate  buffer,  pH  7-0  to  give  a final  volume  of 
0-5  ml.  The  reaction  was  started  by  the  addition  of  dithionite  and  was 
allowed  to  proceed  for  10  min.  The  assay  mixture  was  essentially  anaerobic 
under  these  conditions,  owing  to  the  presence  of  dithionite.  The  reaction 
was  stopped  by  vigorous  shaking  of  the  test  tube  on  a Jay  Vortex  Mixer  to 
destroy  dithionite  and  the  nitrite  formed  was  determined.  The  results 
obtained  were  corrected  for  values  obtained  in  identical  reaction  mixtures 
shaken  at  zero  time.  The  activity  units  are  the  same  as  in  the  case  of  NAD 
(P)  H-NAR. 

Reduced  viologen-nitrate  reductases  (MVH-NAR/BVH-NAR): 
Essentially  the  same  procedure  of  assay  was  followed  for  determining  MVH- 
NAR/BVH-NAR  activities  as  for  FNH^-NAR.  Methyl  viologen/benzyl 
viologen  (KF^M)  replaced  FAD,  and  0 02  ml,  instead  of  0 03  ml,  of  dithio- 
nite solution  was  added  to  initiate  the  reaction.  The  activity  units  are  the 
same  as  in  the  case  of  NAD  (P)H-NAR. 


Analytical  assays 

Protein:  Protein  was  estimated  by  the  Biuret  method,**  with  crys- 
talline bovine  serum  albumin  as  standard. 

Nitrite  : The  nitrite  content  of  1 ml  reaction  mixtures  was  determined 
colorimetrically  by  a modification  of  the  diazo  coupling  procedure  des- 
cribed by  Snell  and  Snell,**  with  1 ml  of  1%  (w/v)  sulfanilamide  in  3N  HCl, 
followed  by  1 ml  of  0 02%  (w/v)  N-(l -naphthyl)  ethylenediamine  and  dis- 
tilled water  to  give  a final  volume  of  5 ml.  After  10  min,  the  color  intensity 
was  determined  at  540  nm  with  a Beckman  model  DU  spectrophotometer. 
The  absorbancy  values  were  converted  into  nmoles  of  nitrite  by  multiplica- 
tion with  the  slope  of  a nitrite  concentration  reference  curve  made  with 
sodium  nitrite. 
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The  presence  of  added  reduced  pyridine  nucleotides  at  usual  enzymatic 
assay  levels  did  not  interfere  with  color  development  to  warrant  their 
removal.  However,  in  the  cases  where  high  levels  of  NADH  and  NADPH 
were  used,  like  during  determination  of  substrate  saturation,  the  residual 
excess  amounts  of  the  coenzymes  were  precipiteted  by  adding  0-2  ml  of 
1 M zinc  acetate,  and  removed  prior  to  the  measurement  of  nitrite. 

3.  Results 


Intracellular  localization 

Cells  of  C.  utilis  grown  in  presence  of  KNO3  were  ground  with  carbo- 
rundum, fractionated  by  differential  centrifugation  and  NAR  activity  of 
various  fractions  was  determined  (table  1).  Bulk  of  the  total  NAR  activity 
was  found  in  cytosol  (S-100),  indicating  the  soluble  nature  of  this  enzyme. 

Substrate  specifictty 

Requirement  and  specihcity  for  exogenous  electron  donor: 
Nitrate  reductase  showed  an  absolute  requirement  for  a reduced  pyridine 
nucleotide  for  its  activity  (table  2).  NAR  activity  obtained  with  NADH 
as  electron  donor  was  2 0 to  2 - 5-fold  higher  than  that  observed  with  NADPH 
Activities  of  FNHa-NAR,  MVH-/BVH-NAR  were  not  detectable.  None 
ot  Ihe  other  reductants  tested  could  serve  as  electron  donor  for  NAR  acti. 
vity  (table  3). 

Specificity  and  requirement  of  added  flavin  compounds:  Omission 
of  FAD  from  assay  system  did  not  result  in  decreased  enzyme  activity,  irres- 
pective of  whether  NADH  or  NADPH  was  the  electron  donor  (table  2). 
The  influence  of  various  flavin  compounds  on  NAR  activity  is  shown  in 
table  4.  At  10-*  M concentration,  riboflavin,  FMN  and  FAD,  in  that  order 
lowered  the  enzyme  activity  significantly.  Hence,  the  effect  of  FAD  was 
examined  over  a wide  range  of  concentrations.  Added  FAD,  however 
failed  to  stimulate  NAR  activity.  ’ 

Various  other  enzymatic  properties  of  NAR,  optimal  pH,  temperature, 
substrate  concentration,  etc.,  as  determined  with  S-20  preparation  of  the 
enzyme  filtered  through  Sephadex  G-25  column,  previously  equilibrated  with 
preparation  buffer  are  presented  in  table  5. 

Thermal  stability 

Figure  1 portrays  the  thermal  stability  of  the  catalytic  activity  of 
NAD  (P)  H-NAR  from  C.  utilis.  A rapid  loss  of  activity  occurred  on 
exposure  of  the  enzyme  to  50°  C for  3 min. 
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Table  1.  Intracellular 

localization 

of  nitrate 

reductase  in 

C.  uti/is 

Fraction 

Volume 

(ml) 

Total  — 
protein 
(mg) 

NAR  activity 

Total  Recovery 

units  (%) 

A. 

Crude  homogenate 

68 

918 

10,280 

100  0 

B. 

1,5(X)  X g supernatant 

66 

478 

10,319 

100-4 

C. 

20,(XX)  X g supernatant 

63 

463 

11,898 

115-7 

D. 

20,000  X g pellet 

2 

5 

38 

0-4 

E. 

104,000  X g supernatant 

58 

362 

12,755 

124-1 

F. 

104,000  X g pellet 

4 

16 

18 

0-2 

Fresh  cells  of  C.  utilis  (25  g)  were  homogenized  and  cell-free  extracts  prepared 
as  described  under  Materials  and  Methods.  The  crude  homogenate,  diluted  to 
70  ml  with  precooled  preparation  buffer  and  designated  fraction  A,  was  centri- 
fuged for  10  min  at  1,500  x g,  and  the  pellet  (unbroken  cells  and  cell  debris) 
was  discarded.  The  supernatant  (Fraction  B)  was  centrifuged  for  30  min  at 
20,000  X g to  give  supernatant  (fraction  C)  and  a particulate  (mitochondria,  etc.) 
pellet  (fraction  D).  Fraction  C was  further  centrifuged  for  1 hr  at  104,000  x g 
to  yield  supernatant  (fraction  E)  and  a pellet  (fraction  F).  The  enzyme  assays 
were  carried  out  according  to  the  typical  method  described  under  Materials  and  ; 

Methods. 

The  higher  levels  of  NAR  activity  recovered  in  fractions  C and  E may  be  due 
to  the  removal  of  inhibitor(s)  present  in  the  crude  homogenate  (fraction  A). 


Table  2.  Influence  of  various  cofactors  on  the  activity  of  C.  uti/is  nitrate  reductase 


Assay  system 

NAR- 

specific 

activity 

Complete  (NADH  + FAD) 

15-6 

FAD  omitted 

14  0 

NADH  omitted 

« 

Complete  (NADPH  -f  FAD) 

7-6 

FAD  omitted 

5-3 

Minus  cofactors 

0 

J 


Assayed  In  vitro  at  37°  C for  10  min  as  described  in  the  text. 
' Not  detectable. 
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TaWe  3.  Suitability  of  various  reductants  as  electron  donors  in  reduction  of  nitrate  by 
C.  utiUis  nitrate  reductase 


Reductant  (1  mM) 

NAR* 

specific 

activity 

NADH 

15-2 

1 

NADPH 

7-6 

Dithionite 

« 

Borohydrate 

* 

fl-Mercaptoethanol 

Dithiothreitol 

* 

Glutathione  (reduced) 

Cysteine 

* 

Ascorbic  acid 

Formate 

Succinate 

Maiate 

Lactate 


“Assayed  in  vitro  at  37“  C for  10  min  as  described  in  the  text;  NAD  (P)H  was  substituted 
with  the  reductant  under  investigation. 

• Not  detectable. 


Table  4.  Influence  of  added  flavin  compounds  on  nitrate  reductase  activity  from  C.  utilis 


Flavin 

compound 

added 

Concen- 

tration 

(M) 

NAR* 

specific 

activity 

Nil  (control)  . . 

. . 

14- 0 

Riboflavin 

10-* 

81 

FMN 

10-“ 

90 

FAD 

io-» 

61 

10-‘ 

10-7 

10-' 

15-6 

io-‘ 

14-7 

io-» 

14  0 

10-« 

10-2 

» Assayed  in  vitro  at  37°  C for  10  min  as  described  in  the  text.  The  electron  donor  was 
NADH  10*“  M,  and  the  flavin  concentration  was  varied  as  mentioned  in  the  table. 
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Table  5.  Sununary  of  optimal  conditions  for  assay  of  C.  utUis  nitrate  reductase  activity  in  vitro 


Property 

Optima 

pH 

70 

Temperature 

37°  C 

Substrate  (NO>")  concentration  . . 

20  mM 

Specificity  for  electron  donor 

NADH/NADPH 

Concentration 

01  raM 

Electron  carrier 

FAD 

Concentration 

001  mM 

Protein  (enzyme)  concentration  . . 

140  ftg 

Reaction  time 

10  min 

The  enzyme  reaction  was  carried  out  in  vitro  at  37°  C for  10  min  as  described  in  the  tex- 
except  for  the  particular  condition  under  investigation,  which  was  varied  ever  a wide  range  for 
determination  of  the  optima.  NADH  was  the  electron  donor  in  the  assays  in  determining  the 
above  optima  except  for  the  electron  donor. 


Figure  1.  Effect  of  heating  on  nitrate  reductase  activity  from  C.  utilis.  A sample  of  2 0 m 
of  the  cell-fret  preparation  passed  through  Sephadex  G-25  column  previously  equilibrated  with 
reparation  buffer  contained  in  a test  tube,  13  x 100mm,  was  placed  in  a water-bath  at  50° C 
I pAt  the  indicated  intervals  of  time,  0- 1 ml  aliquots  wer'  withdrawn  and  pipetted  into  0- 1 ml  of 

j cold  preparation  buffer.  When  all  the  heat-treated  samples  were  ready,  they  were  assayed  by  the 

jtandara  procedure  for  NADH-NAR  activity.  Aliquots  from  untreated  enzyme  (cell-free  pre- 
paration) san.ples  served  as  controls. 
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• Effect  of  enzyme  iNKrerroRS 

In  order  to  prepare  a suitable  buffer  medium  for  maintanim'ng  the 
enzyme  in  a stable  form  after  isolating  from  cells,  sensitivity  of  the  enzyme 
to  various  stabilizers  and  inhibitors  was  tested.  The  enzyme  activity  was 
inhibited  by  pHMB,  cyanide,  azide  and  EDTA  very  effectively  (table  6).  The 
inhibition  of  pHMB  was  largely  overcome  by  the  addition  of  DTT. 

4.  Discussion 

Nitrate  reductase,  reported  to  be  soluble  in  Neurospora,^  plants^  and 
some  bacteria,^  and  particulate  in  the  yeast  H.  anomala^'^  and  some  bacteria, “ 
is  apparently  soluble  in  C.  utilis. 

Several  enzymatic  activities  such  as  flavin-dependent  NADPH-cyto- 
chrome  C reductase,  FNHj-NAR,  MVH-/BVH-NAR  were  reported  to  be 
associated  with  NADPH-NAR  in  nitrate-induced  Neurosporc^.  Nitrate 
reductase  from  C.  utilis  displayed  only  the  reduced  pyridine  nucleotide 
dependent  activity, /.c.,  NAD  (P)  H : nitrate  oxidoreductase  (EC  1. 6.6.2), 
thus  differing  from  NAR  of  N.  crassa,^  H.  anomala^*  and  T.  nitratophila.^'^ 
However,  the  cell  free  preparations  were  not  examined  for  NAD  (P) 
i H-cytochrome  C reductase  activity. 

Formate,  lactate,  pyruvate  and  NADH  served  as  effective  electron 
donors  for  NOa-reduction  in  Escherichia  coliJ’’  However,  of  a wide  range 
of  reductants  tested,  only  NADH  and  NADPH  served  as  electron  donors 
for  NAR  activity  of  C.  utilis  (table  3),  suggesting  a specific  requirement  of 


Table  6.  Effect  of  various  inhibitors  on  C.  utilis  nitrate  reductase  activity  in  vitro 

Inhibitor 

NAR  activity 

(1  mM) 

(%  control) 

Cyanide 

2-9 

Azide 

18  6 

EDTA 

II-4 

pHMB 

1-4 

DTT 

62- 1 

pHMB  + DTT 

67-2 

♦ NADH-NAR  activity  was  assayed  in  vitro  at  37“  C as  described  in  the  text.  Enzyme  pre- 

paration (equivalent  to  1 mg  protein)  was  incubated  with  the  inhibitor  for  5 min  at  room  tem- 
perature before  it  (along  with  the  inhibitor)  was  added  to  the  reaction  mixture. 
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a reduced  pyridine  nucleotide.  C.  utilis  NAR,  thus,  resembled  the  enzyme 
from  H.  anomala^^  and  plants^  and  differed  from  Neurosporc^  in  its  higher 
affinity  for  NADH  over  NADPH.  The  failure  of  added  FAD  to  enhance 
NAR  activity  may  be  due  to  the  endogenous  flavin,  tightly  bound  to  the 
enzyme. 

This  enzyme  had  no  latent  activity  as  reported  in  the  case  of  N.  crossed 
and  was  found  to  be  unstable  on  storage  and  dialysis.^® 

The  extreme  sensitivity  of  the  enzyme  to  cyanide,  azide  and  EDTA 
suggests  the  involvement  of  a metal,  shown  to  be  molybdenum  by  earlier 
workers-®'-®  functioning  in  the  electron  transfer  during  nitrate  reduction, 
catalyzed  by  NAR  (table  6). 

The  inhibitory  effect  of  pHMB  suggests  the  involvement  of  one  or  more 
relatively  accessible  sulfhydryl  groups  in  the  initial  part  of  the  electron  trans- 
fer sequence  (functioning  possibly  in  the  binding  of  the  electron  donor), 
catalyzed  by  NAR. 

Acknowledgements 

We  thank  T.  Ramakrishnan  and  M.  Sirsi  for  their  keen  interest  and 
valuable  suggestions.  The  receipt  of  a research  fellowship  from  the  Indian 
Institute  of  Science,  Bangalore  and  the  financial  support  from  the  Office  of 
Naval  Research,  Washington,  D.C.,  under  Contract  No.  N0(K)I4-7I-C- 
0349  by  V.P.C.  and  G.R.R.,  respectively,  are  gratefully  acknowledged. 

Abbreviations  used  : 

NADH:  reduced  nicotinamide  adenine  dinucleotide;  NADPH: 
reduced  nicotinamide  adenine  dinucleotide  phosphate;  FMN:  flavin  mono- 
nucleotide; FAD:  flavin  adenine  dinucleotide;  FNHjs:  reduced  flavin 
nucleotide;  DTT:  clithiothreitol ; EDTA:  ethylenediaminetetracetic  acid  ; 
pHMB:  p-hydroxymercuribenzoate  ; MVH:  reduced  methyl  viologen,  and 
BVH : reduced  benzyl  viologen. 


References 

1.  Gandhi,  A.  P.  and  Naik,  M.  S.,  FEES  Lett.  40  343  (1974). 

2.  Kaplan,  D.,  Roth-Bejerano,  N.  and  Lips,  H.,  Ei,r.  J.  Biochem.  49  393  (1974). 

3.  Lewis,  C.  M.  ard  Fincham,  J.  R.  S.,  J.  Bacteriol.  103  55  (1970), 

4.  Downey,  R.  J.,  J.  Bacteriol.  105  759  (1971). 

'5.  Subramanian,  K.  N,  and  Sorger,  G.  J.,  J.  Bacteriol.  110  538  (1972). 

6.  Sorger,  G.  J.  and  Davies,  J.,  Biochem.  J.  134  673  (1973). 


Yeast  nitrate  reductase 

7.  Sorger,  G.  J.,  Blochim.  Biophys.  Acta  118  484  (1966). 

8.  Gariett,  R.  H.  and  Nason,  A.,  J.  Biol.  Chem.  244  2870  (1969). 

9.  Payne,  W.  J.,  Bacleriol.  Rev.  37  409  (1973). 

10.  Beevers,  L.  and  Hageman,  R.  H.,  Ann.  Rev.  Plant  Physiol.  20  495  (1969). 

11.  Hewitt,  E.  J.,  Ann.  Rev.  Plant  Physiol.  26  73  (1975). 

12.  Rivas,  J.,  Guemero,  M.  G.,  Paneque,  A.  and  Losada,  M.,  Plant  Scl.  Lett.  I 105  (1972). 

1 3.  Choudary,  V.  P.,  “ Nitrate  metabolism  in  yeasts ; Studies  on  regulation  and  properties  of 

nitrate  reductase  in  Candida  utilis",  Indian  Institute  of  Science,  Ph.D.  thesis  (1975). 

14.  Silver,  W.  S.,  J.  Bacterioi.  73  241  (1957). 

15.  Pichinoty,  F.  and  Metenier,  G.,  Ann.  Inst.  Pasteur  (.Paris)  111282  (1966). 

16.  Pichinoty,  F.  and  Metenier,  G.,  Ann.  Inst.  Pasteur  (Paris)  112  701  (1967). 

17.  Choulary,  V.  P.  anl  Ramtnanda  Rao,  G.,  Abstr.  I4th  Ann.  Conf.  Assoc.  Microbiol. 
India,  p.  33  2-26  (1973). 

18.  Choudary,  V.  P.  and  Ramananda  Rao,  G.,  Can.  J.  Microbiol.  22  35  (1976). 

19.  Gomori,  G.,  In  Methods  Enzymol  eds.  S.  P.  Colowick  and  N.  O.  Kaplan  (Academic 

Press,  New  York)  1 138  (1955) 

20.  Wickerham,  L.  J.  Bull.  No.  1029,  U.S.  Dept.  Agric.,  Washington,  D.C.  (1951). 

21.  Nason,  A.  and  Evans,  H.  J.,  In  Methods  Enzymol.  eds.  S.  P.  Colowick  and  N.  O.  Kaplan 

(Academic  Press,  New  York)  2 411  (1955). 

22.  Gomall,  A.  G.,  Bardawill,  C.  J.  and  David,  M.  M.,  J.  Biol.  Chem.  177  751  (1949). 

23  Snell,  F.  D.  and  Snell,  C.,  Colorimetric  Methods  of  Analysis  (D.  Van  Nostrand  Co.,  New 

York)  2 804(1949). 

24.  Hageman,  R.  H.  and  Hucklesby,  D.  P.,  In  Methods  Enzymol.  eds.  S.  P.  Colowick  and 

N.  O.  Kaplan,  (Acadtitiic  Press,  New  York)  23A  491  (1971). 

25.  Guerrero,  M.  G.,  Vega,  J.  M.,  Leadbetter,  E.  and  Losada,  M.,  Arch.  Mikrobiol.  91  287  (1973). 

26.  Taniguchi,  S.  and  Ohmachi,  K.,  J.  Biochein.  48  50  (1960). 

27.  Cole,  J.  A.  and  Wimpenny,  J.  W.  T.  Biochim.  Biophys.  Acta  162  39  (1968). 

28.  Nicholas,  D.  J.  D.  and  Nason,  A.,  J Biol.  Chem.  207  352  (1954). 

29.  Nicholas,  D.  J.  D.  and  Nason,  A.,  J.  Biol.  Chem.  211  183  (1954). 


> 


Reprinted  from 

R^impression  du 

Canadian 
^Journal  of 
Microbiology 

Journal 

canadien 

de 

microbiolog 

Regulatory  properties  of  yeast  nitrate 
reductase  in  situ 

^ V.  Prabhakara  Choudary  and  G.  Ramananda  Rao 

Volume  22  • Number  1 • 1976 

Pages  35-42 

! 

Nationai  Research  Consetl  national 
Council  Canada  de  recherches  Canada 


Vr 


Regulatory  properties  of  yeast  nitrate  reductase  in 

V.  Prabhakara  Choudary^  andG.  Ramananda  Rao 

Micrtthitfitifiv  and  Cell  Biolofiy  lAihorotory , Indian  Inslitnte  Science,  HanKalore'SfdMIl 2 . India 

Accepted  August  29.  197.S 

Choudary.  V.  P .andO.  R.  Rao.  1976.  Regulatory  properties  of  yeast  nitrate  reductase  in  i/7h. 
Can.  J.  Microbiol.  22:  35-42. 

A simple  and  rapid  procedure  to  make  yeast  cells  permeable  by  agitating  with  toluene -ethanol . 
(TE)  1:4,  v/v  was  developed.  The  permeated  cells  retained  their  ability  to  catalyze  certain 
enzyme  reactions.  Temperature  and  duration  of  agitation  during  TE  treatment  played  an  impor- 
tant role  in  retention  of  the  catalytic  potential  of  permeated  cells.  The  in  situ  assay  using 
permeated  cell  preparations  was  more  sensitive  even  in  the  absence  of  added  cofactors  than  the  in 
vitro  assay  in  detecting  assimilatory  nitrate  reductase  (NAD(P)H:nitrate  oxidoreductase,  EC 
l.6.6.2)(NARIactivity  in  Candida  h/i7/.s. 

Using  in  situ  assay  technique,  different  mechanisms  regulating  the  biosynthesis  of  N AR  in  C. 
were  investigated.  Nitrogen  starvation  did  not  lead  to  derepression  of  NAR.  NO5  ions  were 
absolutely  essential  for  induction  and  maintenance  of  high  levels  of  NAR  activity.  Cells  grown  on 
ammonium  nitrate  possessed  relatively  lower  levels  of  NAR.  Kinetics  of  NAR  induction  were 
followed  as  a function  of  time  and  inducer  concentration.  The  influence  of  various  cations  on  the 
induction  of  NAR  by  nitrate  was  investigated.  A wide  range  of  D-amino  acids  induced  NAR 
synthesis.  Of  22  u-amino  acids  tested  only  phenylalanine  induced  significant  levels  of  NAR. 
Various  intermediates  of  the  pathway  of  nitrate  reduction  influenced  the  rate  of  NAR  induction. 
There  was  a rapid  disappearance  of  in  vivo  activity  of  the  enzyme  of  induced  yeast  cells  on 
nitrogen  starvation,  and  the  rate  of  loss  was  accelerated  by  the  presence  of  NH4*. 


Choudary,  V.  P.,  et  G.  R.  Rao.  1976.  Regulatory  properties  of  yeast  nitrate  reductase  in  situ. 

Can.  J.  Microbiol.  22:  35-42. 

Une  procedure  simple  et  rapide  pour  rend  re  les  cellules  de  levure  permeables  par  agitation  avec 
le  toluene-ethanol  (1:4,  v/v)  fut  developpee.  Les  cellules  permeabilisees  retiennent  leur  abilite  a 
catalyser  certaines  reactions  enzymatiques.  La  temperature  et  la  duree  de  I'agitation  au  cours  du 
traitement  TE  jouent  un  role  important  dans  la  retention  du  potenliel  catalytique  des  cellules 
permeabilisees.  L'essaie  in  silu  utilisant  des  preparations  de  cellules  permeabilisees  est  plus 
sensible  meme  en  I'absence  de  cofacteurs  qui  laissent  in  vitro  pour  detecter  la  nitrate  reductase 
assimilatoire  (NAD(P)H:  nitrate  oxidoreductase,  EC  l.6.6.2)(NAR)chez  Candida  atilis. 

En  utilisant  la  methode  d'essaie  in  situ  nous  avons  etudie  differents  mechanismes  regularisani 
la  biosynthesis  de  NAR  de  C.  atilis.  La  privation  d'azote  ne  conduit  pas  a la  derepression  de 
NAR.  Les  ions  nitrates  sont  absolument  essentiels  pour  I'induction  et  la  maintenance  de  hauts 
niveaux  d’aclivites  NAR.  Les  cellules  qui  se  sont  developpees  sur  le  nitrate  d'ammonium 
possedent  relativement  defaibles  niveaux  de  NAR.  Leskinetiquesde  I'induction  du  NAR  furent 
suivies  en  fonction  du  temps  et  la  concentration  de  I'inducteur.  L'influence  de  cations  varies  sur 
I'induction  du  NAR  par  le  nitrate  fut  aussi  etudiee.  Une  grande  variete  de  D-acides  aminos  induit 
la  synthese  du  NAR.  Des  22  L-acides  amines  essayes,  seulemeni  la  phenylalanine  induil  des 
niveaux  signifleatifsdu  NAR.  Des  intermediaires  varieesduchemin  methabolique  de  la  reduction 
du  nitrate  influencent  le  taux  de  reduction  du  NAR.  II  y a une  disparition  rapide  de  I'activite  in 
vivo  de  I'enzyme  induile  chez  des  cellules  de  levure  sur  une  dielle  d'azote.  el  le  taux  de 
disparition  est  accelere  par  la  presence  d'amonium. 

ITraduit  par  le  journal] 

Introduction 

Nitrate  reductase  (NAR),  which  catalyzes  the 
reduction  of  nitrate  to  nitrite,  is  the  ‘first’ 
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enzyme  in  the  pathway  of  nitrate  assimilation. 
Its  regulation  and  properties  were  extensively 
investigated  in  plants  (3),  algae  (20),  fungi  (2,  31), 
and  bacteria  (8).  Despite  the  fact  that  the  ability  to 
assimilate  nitrate  formed  a chief  criterion  in  the 
identification  and  classification  of  yeasts  (36), 
little  was  known  of  the  physiological  and  bio- 
chemical aspects  of  nitrate  metabolism  in  yeasts 
(27)  with  the  exception  of  a few  preliminary 
reports  on  NAR  by  Silver  (29),  Pichinoty  and 
Metenier  (24),  Rivas  et  al.  (27),  and  Choudary 
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and  Rao  (4).  It  was  therd'ofe  of  great  interest  to 
study  the  regulatory  mechanisms  of  NAR  in 
yeast,  particularly  in  various  species  of  Candida, 
which  vary  widely  in  their  capacity  to  assimilate 
nitrate. 

Several  ingenious  methods  were  developed  to 
assay  enzymes  in  situ  in  permeated  cells  of 
bacteria  (26),  yeasts  (28),  and  in  intact  nodulated 
roots  (13)  and  leaf  discs  (25).  The  present  paper 
reports  an  improved  method  to  permeate  cells  of 
C.  uiilis,  and  the  results  of  in  situ  experiments  on 
kinetics  of  induction,  repression,  and  in  vivo 
stability  of  yeast  NAR  (NAD(P)H  : nitrate  oxido- 
reductase,  EC  1.6. 6. 2). 

Materials  and  Methods 

Chemicals 

NADH,'*  NADPH,  FAD,  and  L-  and  u-amino  acids 
were  obtained  from  Sigma  Chemical  Co.,  St.  Louis, 
U.S.A.;  sulfanilamide  from  Indian  Drugs  and  Pharma- 
ceuticals Ltd.,  India;  and  IV-(l-naphthyl)-ethylenediamine 
dihydrochloride  from  B.D.H.  Ltd.,  Poole,  England.  Other 
chemicals  were  of  analytical  or  reagent  grade  from  B.D.H. 
Chemicals  Division,  Glaxo  Labs.  (India)  Ltd.,  Bombay; 
Sarabhai  M.  Chemicals,  Baroda,  India,  or  Riedel-De 
Haenag  Seelze-Hannover,  Germany. 

Organism,  Media,  and  Growth  Conditions 

Candida  utilis  CBS  4511  was  obtained  from  the 
Centraalbureau  Voor  Schimmelcultures,  Delft,  The 
Netherlands.  The  basal  medium  without  nitrogen  source 
was  essentially  as  described  by  Wickerham  (36)  with  a 
few  modifications,  and  contained  in  addition,  either  of  the 
nitrogen  sources,  ammonium  sulfate,  150mA/(N), 
‘ammonium  medium';  or  potassium  nitrate,  50  mA/(N), 
‘induction  medium.'  The  organism  was  maintained  on 
medium  solidified  by  the  addition  of  2%  agar  (Difco).  The 
yeast  was  cultured  in  liquid  medium  in  500  ml  Erlenmeyer 
flasks  on  an  Emenvee  gyratory  shaker  ( 1 80  jpm)  at  30  °C. 

Induction  of  NA  R 

Cultures  grown  till  late  exponential  pnase  in  am- 
monium medium  were  harvested,  washed,  t.ansferred  to 
the  induction  medium,  and  shaken  for  4 h at  30  °C. 

Preparation  of  Cell-free  Extracts 

Cells  were  washed,  packed,  and  ground  with  three 
times  their  weight  of  carborundum  for  15  min  at  4 °C  and 
extracted  with  three  volumes  of  preparation  buffer 
(0.1  M potassium  phosphate  buffer,  pH  7.0,  with 
1.5  X I0”*/V/EDTA  and  10"*A/DTT).  The  superna- 
tant obtained  by  centrifugation  of  the  slurry  at  20  000  x g 
for  20  min  in  a refrigerated  RC2-B  Sorvall  centrifuge  was 
used  to  assay  NAR  activity  in  vitro. 


■•Abbreviations  used;  NADH,  reduced  nicotinamide 
adenine  dinucleotide;  NADPH,  reduced  nicotinamide 
adenine  dinucleotide  phosphate;  FAD,  flavine  adenine 
dinucleotide;  EDTA,  ethylenediaminetetraacetic  acid; 
DTT,  dithiothreitol. 


Permeation  of  Cells 

Washed  yeast  cells  were  suspended  in  preparation 
buffer  to  give  100  mg  (wet  wt.)/ml.  An  aliquot  of  0.2  ml  of 
chilled  toluene-ethanol  (TE),  1;4,  (v/v)  was  added  to 
2 ml  of  the  cell  suspension  in  a 16  mm  test  tube,  and 
shaken  for  2 min  on  a Vortex  mixer  at  0 °C.  Suitable 
aliquots  of  this  preparation  were  used  to  assay  NAR  in 
situ. 

Enzyme  Assays 

1.  NAR  in  Vitro 

The  reaction  mixture  in  a final  volume  of  1 ml  contained 
sodium  pyrophosphate  buffer,  pH  7.0,  0.04  Af;  KNOj, 
0.02  A4;  FAD,  0.01  mW;  NAD(P)H,  0.10  mAf;  and 
0.1  ml  of  enzyme  (=:1  mg  protein).  The  reaction  was 
carried  out  at  37  °C  for  10  min,  terminated  by  the  addi- 
tion of  1 ml  of  1%  (w/v)  sulfanilamide  in  3 Af  HCI,  and  the 
nitrite  formed  was  estimated  according  to  Snell  and 
Snell  (30). 

2.  NAR  in  Situ 

The  reaction  mixture  in  a total  volume  of  I ml  con- 
tained sodium  pyrophosphate  buffer,  pH  7.0,  0.04  Af; 
KNO3,  0.02  Af;  and  0.5  ml  (50  mg  fresh  weight)  of 
permeated  cell  preparation.  The  reaction  was  carried  out, 
terminated,  and  the  nitrite  content  in  an  aliquot  of  the 
supernatant  obtained  after  low-speed  centrifugation  was 
determined  as  described  under  the  in  vitro  method. 

Units  and  Specific  Activity 

One  unit  of  the  enzyme  is  equivalent  to  that  amount 
which  catalyzes  the  formation  of  I nmol  of  nitrite  per 
minute,  and  the  specific  activity  is  expressed  as  units  per 
milligram  protein.  The  specific  activity  in  the  case  of 
permeated  cells  is  expressed  as  units  per  milligram  of 
total  extractable  protein  (55  mg/g  fresh  yeast). 

Analytical  Assays 

Protein  was  estimated  by  the  method  of  Lowry  as 
modified  by  Hartree  (10),  with  crystalline  bovine  serum 
albumin  as  standard.  The  nitrite  content  of  0.1-ml  reac- 
tion mixture  was  determined  by  the  method  of  Snell  and 
Snell  (30)  with  the  addition  of  1.0  ml  of  1%  (w/v)  sulf- 
anilamide in  3 /V  HCI,  followed  by  1.0  ml  of  0.02%  (w/v) 
A'-d-naphthyOethylenediamine  dihydrochloride,  and  dis- 
tilled water  to  make  up  the  final  volume  to  5.0  ml.  After 
15  min,  the  color  intensity  was  read  at  540  nm  in  a 
Beckman  model  DU  spectrophotometer. 

Results 

NAR  Activity  in  Permeated  Cells  of  C.  utilis 

To  detect  NAR  in  situ,  yeast  cells  grown  till 
late  exponential  phase  in  induction  medium  were 
harvested,  washed,  and  suspended  in  0.1  A/ 
potassium  phosphate  buffer,  pH  7.0,  to  give 
10  mg  (wet  wt.)  of  cells/ml.  Chilled  TE  (50  pi) 
was  added  to  1.0  ml  of  cell  suspension  and  sub- 
jected to  uninterrupted  vigorous  shaking  for 
5 min  on  a Vortex  mixer  at  30  °C.  The  cells  thus 
permeated  according  to  an  earlier  method  (28) 
failed  to  show  NAR  activity  in  situ,  indicating 
that  either  the  cells  were  not  sufficiently  per- 
meated to  facilitate  the  entry  of  added  nitrate,  or 


I 


CHOUDARY  AND  RAO:  YEAST  NITRATE  REDUCTASE 


2 


Fig.  1 , Effect  of  temperature  and  mixing  on  permeation 
of  C.  utilis  cells.  NAR  was  assayed  in  situ  as  described  in 
the  Materials  and  Methods  section.  (•),  TE  addition 
followed  by  mixing  at  0 °C  ; (O),  TE  addition  followed  by 
mixing  at  30 “C;  (A),  TE  addition  at  30 "C,  no  mixing; 
(▲),  TE  addition  at  0°C,  no  mixing. 

the  conditions  of  treatment  resulted  in  inactiva- 
tion of  the  enzyme.  This  necessitated  standardiza- 
tion of  the  conditions  of  permeation  as  depicted 
in  Fig.  I. 

Chilled  TE  (0.2  ml)  was  added  to  each  of 
2.0-ml  aliquots  of  induced  yeast  cell  suspension 
(100  mg  (wet  wt.)  of  cells/ml)  in  16-mm  tubes, 
and  shaken  for  0,  0.5,  1,  2,  5,  and  10  min  on  a 
Vortex  mixer  at  0°C  or  30  °C,  as  indicated. 
These  preparations  were  examined  for  NAR  in 
situ.  As  Fig.  1 illustrates,  whether  at  0°C  or 
30  °C,  agitation  was  essential  to  make  the 
enzyme  accessible  to  the  substrate.  Although 
agitation  at  30  °C  resulted  in  rapid  permeation 
initially,  prolonged  mixing  beyond  2 min  resulted 
in  rapid  loss  of  the  enzyme  activity.  On  the 
other  hand,  treatment  at  0°C,  while  making  the 
cells  permeable  within  2 min,  did  not  affect  the 
enzyme  activity  even  after  extended  periods  of 
mixing.  Agitating  cells  in  the  absence  of  TE  at 
both  temperatures  failed  to  make  cells  permeable. 
The  permeated  cell  preparations  were  stored  at 
0 to  4 °C  up  to  48  h without  appreciable  loss  of 
NAR  activity. 

However,  when  the  TE-treated  cells  were 
frozen  at  liquid  nitrogen  temperature  and 
thawed,  repeated  twice,  considerable  amount  of 
proteins  appeared  in  the  soluble  (20  000  x g 
supernatant)  fraction,  which  showed  higher 
specific  activity  of  NAR  than  the  cell  pellet 


(data  not  shown).  This  procedure  facilitated 
isolation  of  enzymes  with  greater  ease  and 
minimum  risk  of  inactivation  unlike  the  con- 
ventional procedures  for  microbial  cell  disrup- 
tion. 

NAR  Activity  in  Situ  and  in  yitro 

To  determine  the  relative  efficacy  and  sensi- 
tivity of  the  in  situ  and  the  in  vitro  methods  of 
assaying  NAR,  yeast  cells  grown  in  induction 
medium  were  washed  and  divided  into  two 
batches.  One  batch  was  treated  with  TE  and 
examined  for  NAR  in  situ.  The  second  batch  was 
used  to  prepare  the  cell-free  extract  (termed 
'crude  preparation’)  which  was  divided  into  two 
parts.  One  part  was  left  as  such  at  0 to  4 °C,  and 
the  second  was  passed  through  Sephadex  G-25 
column,  equilibrated  with  preparation  buffer, 
and  both  fractions  were  examined  for  NAR 
activity  in  vitro.  The  specific  activity  of  NAR  was 
2-  to  2.5-fold  higher  in  situ  than  in  vitro 
(Table  1).  In  the  absence  of  added  cofactors,  the 
enzyme  failed  to  catalyze  the  reaction  in  vitro. 
Addition  of  an  electron  donor,  either  NADH  or 
NADPH,  appeared  more  essential  than  FAD 
(Table  1).  The  enzyme  showed  partial  loss  of 
activity  on  gel  filtration,  and  total  loss  on  heat 
treatment  for  3 min  at  49  "C,  indicating  its  labile 
nature. 

For  its  greater  sensitivity  and  non-requirement 
of  added  cofactors,  the  in  situ  method  was  used  in 
regulatory  studies  of  yeast  NAR. 

Influence  of  Nitrogen  Source  on  the  Induction  of 
NAR 

The  yeast  cells  starved  of  nitrogen  or  grown  on 
ammonium  sulfate  failed  to  show  any  NAR 
activity.  However,  the  cells  exposed  to  nitrate 
showed  the  highest  specific  activity  (Table  2). 
NH4NO3  induced  only  low  levels  of  NAR,  and 
a-amino-V-butyrate  just  minimal  levels.  All 
other  compounds  tested  failed  to  induce  NAR. 

Time  Course  of  NA  R Induction 

NAR  activity  began  to  appear  shortly  after  the 
addition  of  the  inducer,  and  the  specific  activity 
rose  to  significant  levels  within  30  min  without 
appreciable  increase  in  cell  mass  (Fig.  2).  The  lag 
period  preceding  the  appearance  of  NAR  activity 
was  very  short  unlike  that  in  Neurospora  crassa 
( 1 5)  and  Ustilago  maydis  ( 1 7). 

Dependence  of  NAR  Induction  on  Nitrate  Con- 
centration 

The  induction  was  maximal  with  KNO3  at 
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Table  I . Relative  efficacy  of  in  situ  and  in  vitro  assay  methods  in  detecting  nitrate  reductase 

activity  in  C.  utiiis" 


NAR  specific  activity 
In  vitro 


Assay  system* 

In  situ! 

Crude  S-20 

G-25  filtered 
S-20 

No  added  cofaclors 

26.2 

— 

— 

Complete  (NADH  -1-  FAD) 

39.7 

19.2 

15.2 

NADH  omitted 

29.7 

— 

— 

FAD  omitted 

31.2 

14.6 

14.0 

Complete  (N A DPH  -E  FAD) 

30.2 

7.6 

7.4 

FAD  omitted 

26.4 

4.4 

5.3 

■The  yeast  was  grown  for  12  h at  30  “C  on  0.5%  (w/v)  KNOj. 
*The  assay  system  was  as  described  in  the  text. 

'Specific  activity  expressed  as  units  per  milligram  of  total  protein. 
Note:  — , Not  detectable. 


Table  2.  Induction  of  nitrate  reductase 
in  C.  utilis  cells  grown  on  various 
nitrogen  sources 


Nitrogen  source* 

NAR*sp.  act. 

Nitrogen  starvation 

— 

Ammonium  sulfate 

— 

Potassium  nitrate 

31.1 

Ammonium  nitrate 

13.7 

Urea 

— 

a-Amino-A-butyrate 

3.2 

Casein  hydrolysate 

— 

Neopeptone 

— 

L-Asparagine 

— 

Note:  Ammonia-grown  C.  utiHs  cells  were 
transferred  to  induction  media  with  different 
nitrogen  sources,  replacing  KNOj  shaken  at 
30  “C  for  12  h,  and  the  NAR  activity  assayed 
in  situ.  — . Not  detectable. 

'Concentration.  0.5%  (w/v). 

^Assayed  in  situ. 

50  mA/(N),  and  was  less  at  lower  concentrations 
(Table  3)  showing  a variance  from  the  situation 
in  N.  crassa  where  only  a low  level  of  nitrate  was 
required  to  enhance  the  capacity  to  synthesize 
NAR  (33). 

Influence  of  Cal  ions  on  Induction  of  NAR 
Sodium  and  potassium  nitrates  supported 
growth  of  yeast  cells  equally  well  and  induced 
maximal  levels  of  NAR.  Magnesium  and  calcium 
nitrates  induced  only  low  levels  of  NAR  although 
they  permitted  growth  to  occur  (Table  4). 
Mercuric  nitrate  blocked  the  enzyme  synthesis 
completely,  but  did  not  interfere  with  growth. 
Lithium,  ferric,  zinc,  and  manganous  nitrates 
allowed  induction  of  marginal  levels  of  NAR 


without  permitting  growth  of  cells  while  co- 
baltous,  lead,  cupric,  and  silver  nitrates  inhibited 
growth  as  well  as  enzyme  formation  (Table  4). 

Induction  of  NAR  by  L-  and  D- Amino  Acids 

Of  22  L-amino  acids  tested,  L-phenylalanine 
induced  NAR  in  significant  levels,  and  L- 
asparagine,  L-aspartic  acid,  and  L-threonine 
induced  marginal  levels  (Table  5).  The  other 
L-amino  acids  could  not  induce  NAR.  On  the 
contrary,  all  the  15  D-amino  acids  tested  induced 
NAR  activity  to  varying  extents.  D-norleucine, 
D-threonine,  and  D-serine  induced  relatively  high 
levels,  followed  by  D-aspartic  acid,  D-isoleucine, 
D-valine,  D-leucine,  and  D-histidine,  in  that  order. 
In  general,  monoamino  monocarboxylic,  hy- 
droxy-monoamino monocarboxylic,  monoamino 
dicarboxylic,  heterocyclic,  aromatic,  and  mono- 
amino dicarboxylic  amino  acids  with  amides,  in 
that  order,  were  better  inducers  than  the  sulfur- 
containing  ones  (Table  5).  Except  L-cysteine, 
L-threonine,  and  D-cystine,  none  of  the  amino 
acids  inhibited  growth. 

Repression  of  NAR 

The  influence  of  different  nitrogen  metabolites 
related  to  nitrate  reduction  on  NAR  induction  by 
nitrate  was  examined  (Table  6).  NH4*  repressed 
the  synthesis  of  NAR  by  14.7%  at  lOmAT(N), 
and  by  37.7%  at  50mA/(N).  Nitrite,  hydroxyl- 
amine,  and  hydrazine  showed  a high  degree  of 
repression  even  at  10  mA/(N)  concentration, 
while  urea  and  glutamate  repressed  the  enzyme 
by  more  than  50%  only  at  50  mW(N)  concentra- 
tion. 
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Fio.  2.  Time  course  of  nitrate  reductase  induction  in  C.  utilis.  NH»''-grown  yeast  cells  were  trans- 
ferred to  induction  medium  and  shaken  at  30 'C.  Aliquots  were  removed  at  different  intervals  of 
time  and  nitrite  content  of  the  culture  filtrate  determined.  NAR  activity  of  washed  cells  was  assayed 
in  situ.  (O).  growth  rate  m terms  of  increase  in  cell  mass  (wet  wt.)  during  induction:  (#),  NAR 
specific  activity;  (A),  nitrite  content  of  the  culture  filtrate,  nmoles  NOj/ml. 


Tabli  3.  Effect  of  nitrate  concentration 
on  induction  of  nitrate  reductase 
in  C.  utilis 


Potassium  nitrate 
concn.,  m.A/(N) 

NAR*  sp.  act. 

0.00 



0.01 

6.9 

0.10 

7.3 

1.00 

13.3 

10  00 

27.6 

50.00 

50.6 

100.00 

49.5 

Non ' The  yeasi  cells  were  induced  with 
dtflereni  concentrations  of  KNOj.  All  other 
details  as  under  Table  2. 

•Assayed  m titu. 


In  Vivo  Stability  of  NAR 
The  presence  of  nitrate  not  only  stabili2ed  in 
vivo  NAR  activity  but  also  resulted  in  its  en- 
hancement. Nitrogen  starvation  as  well  as  the 
presence  of  NH^*  led  to  about  50°o  loss  in  NAR 
activity  within  I h,  and  the  rate  of  the  loss  after 
2 h was  much  higher  in  the  presence  of  NH4'^ 
(Table  7). 

Discussion  and  Conclusions 

In  making  cells  of  yeast  and  bacteria  perme- 


Table  4.  Influence  of  cations  on  induction  of  nitrate 
reductase  in  C.  utilis  by  NOj" 


Nitrogen  source* 
(nitrate  of) 

Increase  in 
wet  wi.*,  g 

NAR*  sp.  act. 

K* 

0.15 

33.0 

Na* 

0.15 

33.0 

Li* 

— 

6.5 

Ca’* 

0.15 

16.5 

Mg^* 

0.20 

20.0 

Mn’* 

— 

1.5 

Co'* 

— 

— 

Zn'* 

— 

3.0 

Fe'* 

0.05 

5.4 

Pb'* 

— 

— 

Cu'* 

— 

— 

Ag'* 

— 

— 

Hg'* 

0.20 

— 

•Induction  was  carried  out  as  described  in  the  text.  KNO3  was 
replaced  with  0.3%  (w/v)  of  the  appropriate  nitrate,  wherever  necessary. 

*The  initial  wet  weight  of  the  cells  used  for  induction  was  0.4  g. 

'Assayed  in  situ. 

Note:  — , Not  detectable. 

able,  the  use  of  chelating  agents  (16,  19),  polyene 
antibiotics (5),  dimethyl  sulfoxide  ( I ),  and  toluene 
(11,  23,  28)  is  well  documented.  Among  these 
agents,  treatment  with  toluene  found  extensive 
use  since  it  allowed  the  treated  cells  to  retain 
considerable  metabolic  potential  (11)  while 
rendering  them  freely  permeable  to  a variety  of 
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Table  S.  Induction  of  nitrate  reductase  in  C.  utills 
by  L-  and  o-amino  acids 


L-Amino  acid* 

NAR'  rel.  act., 
% 

D-Amino  acid* 

NAR'  rel.  act., 
% 

KNOj*  (control) 

too 

KNO3'  (control) 

100 

Glycine 

— 

Alanine 

— 

Alanine 

2.5 

Isoleucine 

— 

Isolcucine 

10.9 

Leucine 

— 

Leucine 

8.7 

Valine 

— 

Valine 

9.0 

Norleucine 

27.8 

Serine 

— 

Serine 

16.5 

Threonine' 

0.5 

Threonine 

18.0 

Aspartic  acid 

1.6 

Aspartic  acid 

12.0 

Glutamic  acid 

— 

Glutamic  acid 

5.0 

Asparagine 

2.4 

Asparagine 

7.6 

Glutamine 

— 

Arginine 

— 

Lysine 

— 

Cysteine' 

— 

Cystine 

— 

Cystine' 

3.8 

Methionine 

— 

Methionine 

3.6 

Phenylalanine 

9.0 

Phenylalanine 

7.4 

Tyrosine 

— 

Tryptophan 

— 

Tryptophan 

7.4 

Histidine 

— 

Histidine 

8.4 

Proline 

— 

Hydroxyproline 

— 

"Concentration.  7 mM. 
^Concentration,  3 mM. 
'Auayed  in  situ. 

^FaiM  to  support  growth. 
Note:  Not  detectable. 


Table  6.  Repression  of  nitrate  reductase  in  C.  u/Ms 
by  various  nitrogen  metabolites 


Addition* 

Conen., 

mM(N) 

Increase  in 
wet  wt.*,  g 

NAR'  rel.  act., 
% 

None  (control) 

0 

0.80 

100 

Potassium  nitrite 

10 

0.20 

10.9 

50 

0.10 

1.4 

HydroxylamineHCl 

10 

0.10 

7.1 

50 

0.05 

6.8 

Hydrazine'H2S04 

10 

0.10 

1.9 

Ammonium  sulfate 

10 

0.20 

85.3 

50 

0.30 

62,3 

Glutamic  acid 

10 

0.35 

97.6 

50 

0.25 

45.4 

Urea 

10 

0.65 

91.5 

50 

0.40 

18.0 

"The  induction  media  were  as  described  in  the  text.  They  contained  different  N*metabolites 
in  the  concentrations  mentioned  In  addition  to  0.5%  (w/v)  KNO3;  control  had  no  addition. 
*The  initisi  wet  weight  of  the  cells  before  induction  was  0.4  g. 

'Assayed  in  situ. 


substances  (23).  In  the  light  of  these  reports,  we 
developed  an  improved  method  to  assay  yeast 
NAR  in  situ  (Fig.  1),  which  was  more  sensitive 
and  simple  than  the  in  vitro  method  (Table  1). 
The  consistently  lower  specific  activity  found  in 


cell-free  preparations  passed  through  Sephadex 
G-25  supported  the  earlier  report  of  the  highly 
unstable  nature  of  NAR  in  yeasts  (27). 

Candida  utilis  NAR  was  similar  to  that  of 
Hansenula  anomala  (29)  in  its  preferential 
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Table  7,  In  vivo  stability  of  nitrate  reductase  in  C.  utilis 


Duration  of 
exposure,  h 

NAR"  relative  activity,  % 

KNO3 

No  nitrogen 
source 

(NHJiSO* 

0 

100 

100 

100 

1 

114.6 

50.4 

54.2 

2 

125.9 

50.4 

54.2 

3 

138.8 

50.4 

43.8 

4 

159,2 

50.4 

29.2 

6 

152.5 

34.6 

20.4 

8 

151.7 

34.2 

17.1 

NoTt;  The  procedure  of  induction  was  as  described  in  the  text.  Nitrogen  source  was 
KNOj,  50mM(N);  or  (NH*),S04.  l50mM(N). 

^Assayed  in  sHu. 


affinity  for  NADH  over  NADPH  (Table  I).  The 
yeast  NAR  thus  closely  resembled  plant  NAT 
and  differed  from  the  Neurospora  enzyme  which 
was  reported  to  have  a marked  specificity  for 
NADPH. 

In  Chlorella  vulgaris,  Ankistrodesmus  braunii, 
and  Platymonas  teirathele,  a substantial  increase 
in  NAR  activity  after  nitrogen  starvation  of 
NH4'^ -grown  cells  was  reported  (14,  20,  34). 
However,  in  C.  utilis,  nitrogen  starvation  did  not 
result  in  the  appearance  of  NAR  activity.  Thus, 
the  N03~ -dependent  NAR  induction  in  C.  uiilis 
resembled  regulatory  system  in  Lemna  minor  (21) 
and  N.  crassa  (31),  and  its  overall  regulation 
operated  through  induction-repression  (12)  but 
not  derepression-repression. 

Candida  utilis  cells  exposed  to  NH4NO3  re- 
tained significantly  high  levels  of  NAR  activity 
suggesting  a relatively  lower  degree  of  NH4'^ 
antagonism  unlike  that  reported  in  fungi  (22) 
and  yeasts  (29),  where  NH4^  repression  of 
enzymes  involved  in  nitrogen  utilization  is  of 
widespread  occurrence  (2,  6,  32).  The  role  of 
NH4*  ions,  in  addition  to  causing  repression, 
was  also  implicated  in  inactivation  ( 1 8),  degrada- 
tion (17,  32),  inactivation-repression  (18),  and 
regulation  of  uptake  of  N03~  ions  (9).  In 
C.  utilis,  NAR  biosynthesis  is  regulated  through 
repression  not  only  by  ammonia  but  also  by 
other  intermediates  of  nitrate  assimilation  to  a 
great  extent  (Table  6). 

The  present  results  (Table  7)  indicate  that  the 
repression-inactivation  phenomenon  common 
to  yeasts  (7)  is  also  operative  in  the  regulation  of 
NAR  in  C.  utilis,  wherein  the  loss  of  enzyme 
activity  caused  by  NH4'*'  was  enhanced  by  an 
accompanying  inactivation  of  the  preformed 


enzyme  as  reported  in  Chlorella  (20).  NH4'^  was 
shown  to  promote  in  vivo  inactivation  of  NAR 
by  reduction  in  Chlamydomonas  (18),  by 
degradation  in  (J.  maydis  (17)  and  cultured 
tobacco  pith  cells  (37),  and  by  a protease  action 
in  maize  roots  (35). 
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SUMMARY 

Temporal  separation  of  transcription  and  translation  during 
nitrate  reductase  in'^uction  in  Candid  a utilis  v.'as  achieved  by  the 
use  of  actinomycin  D and  cycloheximide.  The  yeast  failed  to  syn- 
thesize nitrate  reductase  when  nitrate  was  not  provided  during 
transcription.  Nitrate  thus  aopeared  to  induce  during  transcript- 
ion the  capacity  to  synthesize  nitrate  reductase.  Presence  of 
nitrate,  on  the  other  hand,  was  not  obligatory  during  translation 
excent  for  its  essential  role  in  maintaining^  the  stability  of  nit- 
rate reductase  after  its  formation  as  well  as  its  mRNA. 

The  regulation  of  assimilatory  nitrate  reductase  [NAL(P)H: 
nitrate  oxidoreductase  aC  1.6. 6. 2]  has  been  the  subject  of  inten- 
sive investigation  in  various  organisms  (2,4-9,11).  In  most  of 
tne  systems  investigated  hitherto,  nitrate  reductase  synthesis  has 
been  shown  to  require  nitrate  as  inducer  (9,2).  Using  different 
combinations  of  cycloheximide  and  actinomycin  D,  Sorger  and 
Davies  (9)  de.monstrated  that  NO^  ions  are  esseiitial  for  the 
successful  translation  of  NADPH-nitrate  reductase  mRNA  species 
but  not  for  the  transcription  of  the  nitrate  reductase  gene(s) 
in  Neurospora. 

ne  report  in  this  communication  the  induced  transcription- 
dependent  synthesis  of  nitrate  reductase  in  the  yeast  C and id  a 
util is . and  discuss  the  findings  on  this  important  variation  in 
comparison  with  the  other  relevant  literature  reports. 

MiTERIALS  ,A;D  MET.iODS 

Chemicals ; Actinomycin  D and  cycloheximid e were  purchased 
from  Sigma  Chemical  Co.,  St.  Louis,  U.  S.A.  .Rest  of  the  chemicals. 
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apart  from  those  described  earlier  (2),  were  all  of  analytical 
grade  and  obtained  from  either  BDH  (lUDiA)  ltd.,  or  from 
Sarabhai  M.  Chemicals,  Baroda,  India. 

Organism  and  maintenance;  G.  utllls  CBS  4-511,  obtained 
from  the  Centraalbureau  voor  Schlmmelcul tunes.  Delft,  The 
Netherlands,  was  used  in  all  the  experiments.  The  media,  and 
procedures  for  maintenance  and  growth  of  the  yeast  and  for  induct- 
ion of  nitrate  reductase  were  as  described  earlier  (3). 

Permeation  of  cells  and  assay  of  nitrate  reductase;  The 
procedures  followed  to  permeate  induced  cells  of  £.  utills  to 
assay  nitrate  reductase  activity  in  si tu  and  for  analytical  assays, 
and  the  definitions  of  enayme  units  and  specific  activity  were  as 
described  previously  (2,3). 

RiiSULTS 

Effect  of  actinom./cln  D and  cycloheximlde ; In  inducible 
enzyme  systems  in  oacteria,  the  inducer  is  known  to  enhance  the 
enzyme  levels  by  boosting  the  synthesis  of  the  specific  mRNA.  An 
inducible  enzyme  can  oe  synthesized  from  the  preformed  mRNA  even 
if  simultaneous  transcription  is  blocked,  and  also  in  the  absence 
of  the  inducer,  provided  the  mRNA  is  stable  enough.  Basing  on 
this  fact.  Turner  e_t  (12)  devised  a simple  technique  to  achieve 
temporal  separation  of  transcription  and  translation  during  induct- 
ion of  kynureninase  in  Meurospora  and  then  continuing  the  incubat- 
ion in  inducer-free  minimal  medium  without  the  drug. 

• Adopting  a similar  procedure  to  separate  transcription  and 

translation  during  nitrate  reductase  induction  in  C.  utilis . aui 
attempt  was  made  to  identify  the  specific  step  of  the  enzyme 
\ synthesis  during  which  nitrate,  as  inducer,  exerts  its  influence 
on  the  overall  re,iul-’tion  of  nitrate  reductase  induction. 
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Actinomycin.  D,  known  to  prevent  DNA-depe ndent  RNA  synthesis  in 
eukaryotes  as  well  as  in  prokaryotes,  at  50  pg/ml  concentration, 
completely  inhibited  induction  of  nitrate  reductase  in  C.  utilis . 

A rel'^tively  high  concentration  of  actinomycin  D was  used  in  view 
of  the  earlier  reports  on  fungi  (6,10).  Similarly,  cycloheximide , 

a potent  inhibitor  of  translation,  at  all  concentrations  ranging  i 

from  1 to  10  mg/ml,  effectively  blocked  nitrate  reductase  induct- 
ion (Table  1). 

However,  cells  exposed  to  nitrate  in  presence  of  cyclo-  ; 

heximide,  after  removal  of  the  drug  and  inducer  followed  by  incu- 
bation for  2 h at  ■50°G  in  fresh  minimal  medium,  showed  consider-  1 

able  levels  of  nitrate  reductase  activity  (Table  1).  On  the  .j 

contrary,  the  cello  exposed  to  actinomycin  D,  after  similar  pro-  ’ 

cedure,  failed  to  show  any  nitrate  reductase  activity.  ] 


DISCUSSION 


! 

i 

) 


The  total  failure  of  nitrate  in  the  presence  of  actino- 
mycin  D to  induce  nitrate  reductase  in  C.  utilis  indicates  that 
nitrate  reductase  is  synthesized  novo  and  that  the  induced 
synthesis  of  the  enzyme  is  transcription-dependent.  The  cells 
exposed  to  nitrate  in  pre.sence  of  cycloheximide  had  apparently 
accumulated  the  capacity  to  synthesize  nitrate  reductase  which  was 
translated  in  minimal  mediu.m  once  the  drug  was  removed.  These 
results  suggest  that  the  presence  of  nitrate  is  absolutely  neces- 
sary only  for  formation  of  the  specific  mRNA  but  not  necessary 
during  translation  of  the  mHNA.  However,  the  fairly  lew  level 
of  nitrate  reductase  activity  of  these  cells  compared  to  those 
of  the  control  ones  indicates  the  high  lability  of  nitrate- 
reduc tase-mRhA  species  and  possibly  of  the  enzyme  also,  as  in 
the  case  of  Neurospora  (10,9)j  we  have  already  reported  that 
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nitrate  reductase  in  G.  utilis  is  rapidly  inactivated  ^n  vivo 
in  the  absence  of  nitrate  (2). 

Thus,  these  results  clesrly  establish  that  nitrate  ions 
are  reauired  daring  trajiscription  for  accunulation  of  the  capacity 
to  synthesize  nitrate  reductase  ixi  G.  uti  lls . contrary  to  tVie 
situation  in  iJeurospora,  where  the  presence  of  nitrate  was  reported 
to  oe  essential  for  successful  translation  of  nitrate  reductase- 
raKi'JA  type(3j  but  not  for  the  transcription  of  nitrate  reductase 
gene(3)  (9).  However,  the  important  role  of  nitrate  in  maintain- 
ing the  staoility  of  nitrate  reductase,  after  its  formation,  in 
utilis  is  analogous  to  the  regulation  of  the  enzyme  in 
Jieurospora  ( 1) . 

AG  Kh  0 ir  likj  D iiWT  S 

Vie  are  pleased  to  tnamc  Profs.  P.K.  Bhattacharyya, 

T.  Ramamrishnan  and  I,'..  Sirsi  for  helpful  comments  on  the  manus- 
cript. This  investigation  was  supported  in  part  by  a research 
fellowship  grant  to  ?.C.  from  the  Indian  Institute  of  Science, 
dangalore,  and  in  part  by  financial  support  under  contract  No. 
N00014-71-C-0349  to  G.R.R.  from  the  Office  of  Naval  Research, 
Washington,  D.C. 


REPERfiNChS 

1.  Ghoudary,  V.P.  (1975)  Ph.D.  Thesis,  Indian  Institute  of 
Science,  Bangalore,  p.l02. 

2.  Ghoudary,  V.P. , and  Ramananda  Rao , G.  (1976a)  Can.  J. 

Microbiol.  35-42. 

3.  Ghoudary,  V.P. , and  Ramananda  Rao,  G.  (1976b)  Gurr.  Sci. 

4^:  324-327. 

4.  Dunn-Coleman,  N.S.,  and  Pateman,  J.A.  (1975)  biochem.  Soc. 
traxis.  2'  531-534. 

5.  Hewitt,  E.J.  (1975)  Ann.  Rev.  Plant  Physiol.  73-100. 

6.  Lewis,  G.M. , and  Finchara,  J.R.S.  (1970)  J.  Bacteriol.  103: 

55-61. 

7.  Losada,  M. , Herrera,  J.,  Maldonado,  J.  Ma.  , and  Paneque,  A. 
(1973)  Plant  Sci.  Lett.  1:  31-37. 

8.  Orebamjo,  T.0.,and  Stewart,  G.R.  (1974)  Planta  (3erl.)  117: 

1-10. 

9.  Sorger,  G. J. , and  Davies,  J.  (1973)  Biochem.  J.  134:  673-685. 

10.  Subramanian,  K.N.,  and  Sorger,  G.J.  (1972)  J.  Bacteriol.  110: 
547-553. 

11.  Syrett,  P.J.,  and  Hipkln,  G.R.  (1973)  Planta  (Berl.)  Ill: 

57-64.  

12.  Turner,  J.R. , Terry,  K. , and  Matchett,  VV.H.  (1970)  J.  Bacteriol. 
103:  370-374. 


602 


156 

• D.  LIST  OP  PAPjjRS  PRESENTED  AT  G02JgEREJJCES 

1.  Free  aminoacid  pools  in  Candida  species. 

V,  Prabhakara  Choudary  and  G.  Ramananda  Rao  (1972) 
Proc.  Soc.  Biol.  Chem,  (India),  22. 

2.  Phenethyl  alcohol  and  its  effects  on  Candida  species. 
T.K.  Narayanan  and  G,  Ramananda  Rao  (1972) 

ibid.  , 23. 

3.  Miconazole  and  its  action  on  Candida  species. 

G.  Ramananda  Rao,  K.H.  Sreedhara  Swamy  and  M. Sirsi 
(1972) 

ibid. , 31,  24. 

4.  Dermatophytes  from  clinical  samples  aind  their 
sensitivity  to  antifungal  compounds. 

Vijaya  Manohar,  G.  Ramananda  Rao,  M.  Sirsi  and 
N.  Krishna  Murthy  ( 1972 ) 
ibid.  , 24. 

5.  Pathogenic  yeasts  in  superficial  mycoses. 

Vijaya  Manohar,  K.H.  Sreedhara  Swamy,  G.  Ramananda 
Rao  and  M.  Sirsi  (1973) 

Presented  at  the  14th  Ann.  Conf.  Assoc.  Microbiol, 
of  India  held  at  Poona.  P-11  (in  abstracts). 

6.  Studies  on  the  mechanism  of  action  of  miconazole 
on  Candida  species. 

K.H.  Sreedhara  Swamy,  G.  Ramananda  Rao  and  M.  Sirsi 
ibid. , p. 77. 

7.  Effect  of  miconazole  on  sheep  erythrocytes. 

* K.H.  Sreedhara  Swamy  and  M.  Sirsi  (1974) 

Proc.  Soc.  Biol.  Chem.  (India)  7. 


137 


8.  Morphological  and  biociiemical  correlation  of 
Mi crosporum  canis  spore  germination. 

B.M.  Jayaram,  K.H.  Sreedhara  Swamy  and  G.  Ramananda 
Rao  (1974) 
ibid.  . 31. 

9.  p-Indoleethanol  and  (i-indolelactic  acid  production 
by  Candida  species:  their  antibacterial  and  auto- 
antibiotic action. 

T.K.  Narayanan  (1974) 
ibid.  , 46. 

10.  Antigenicity  of  hpidermophyton  floccosum. 

B.M.  Sundaram  and  M.  Sirsi  (1974) 

Presented  at  the  15th  ann.  Conf.  Assoc.  Microbiol, 
of  India  held  at  Bangalore.  P.ll  (in  Abstracts). 

11.  Regulatory  properties  of  nitrate  reductase  m situ. 
V.P.  Choudary  and  G.  Ramananda  Rao  (1974) 

ibid. , p.  19. 

12.  Clinical  evaluation  of  miconazole  (topical)  in 
dermatomy coses. 

N.  Krishna  Mur thy,  Vi jay a Manohar,  M.  Sirsi  and 
G.  Ramananda  Rao  (1975  ) 

Symposium  on  Human  Mycoses  and  Miconazole,  New 
Delhi,  Peb.  1975. 

13.  Biological  activities  and  mode  of  action  of  anti- 
fungal drugs  with  special  reference  to  miconazole. 

G.  Ramananda  Rao,  K.H.  Sreedhara  Swany  and 

M.  Sirsi  (1975) 
ibid. 


138 


M 


k 


14.  Regulation  of  phenylalanine  aminotransferase 
activity  in  Candida  guilliermondii. 

Y.  Gopalakrishna  and  G.  Ramananda  Rao  (1977) 

Paper  accepted  for  presentation  at  46th  ^annual 
General  Meetings  of  Society  of  Biological  Chemists 
(India)  to  be  held  at  Madras,  India,  during 
September  22-25,  1977. 

15.  Resistance  of  Microsporum  canis  to  cycloheximide. 
B.M.  Jayaram  and  G.  Ramananda  Rao  (1977). 

ibid. 

16.  Immunity  in  experimental  dermatomycoses. 

Vijaya  Manohar  and  G,  Ramananda  Rao  (1977) 
ibid. 


139 


4 


E.  LIST  OF  BOOKS  AMD  JOURIJaLS  OBTAINED 


No. 


Name  of  the  book 


Author (s)  Publiahers&Year 


1.  Diagnostic  Medical 
Mycology 


L.D.  Haley  Appleton- Century- 
Crafts,  New  York, 
1964 


2.  The  Yeasts  Vol.I  ) A, H. Rose  fib  1969  Academic  Press, 

3.  The  Yeasts  Vol.II)  J.S. Harrison  1971  London, 

New  York 


4.  Methods  in  Micro- 
biology-Vol. 5B 

5»  Atlas  of  Medical 
Mycology 


J.R, Norris  & Academic  Press, 

D. W, Ribbons  London,  New  York, 

1971 

E. S.Moss  & The  Williams  and 
A.L.McQuown  Wilkins  Co., 

Baltimore 


6.  The  Chemistry  and  A.H.  Cook 
Biology  of  Yeasts 

7.  Mycopathologla  Et) 

Mycologia  Appli-  ) 
cata  - Vol. 39  ) 

8.  ,,  - Vol. 44  ) 

9.  ,,  - Vol. 45  ) 

10.  Practical  Laborat-  Koneman  St 

ory  Mycology  Elmer,  W, 

11.  Mycological  diag-  J. Dvorak 

nosis  of  animal  M.Otcenasek 

dermatophytoses 


Academic  Press, 
New  York. 


W.Junk  N.V. 
Hague , The 
lands  196 9 » 
1971 


, The 
Nether 


1971 


i 


W.Junk  N. V. , The 
Hague,  The  Nether- 
lands. 


12.  Immunology  and 
skin  proceedings 
of  a symposium 
held  at  Salishen- 
lodge,  Gleanden 
Bea  ctr  Montagna 
(William) 

Billingham 
(Rupert  E) 

13.  Essential  Immuno-  E.M.  Roitt 
logy 


Blackwell  Scient- 
ific Publications, 
Oxford,  London, 
Edinburgh,  1971 


I -a 


140 


14.  Medical  Mycology, 
3rd  Ed. 

B.S.Beneka  & 
A. L. Rogers 

Burgess  Publishing 
Company,  Minnea- 
polis , Minn. 

15.  Systemic  Mycoses 
Ciba  Foundation 
Symposium 

D.E.W. 

Wclstenholme 
& R. Porter 

J.&A. Churchill 

Ltd. , London, 

1968 

16.  Molecular  Biology 
of  gene , 2nd  Ed. 

J.D. Watson 

W.A.Benzamin  Inc* 
Menlopark, 
California , 1970 

17.  Dermatologic 
Differential 
Diagnosis 

T.B. Fitz- 
patrick & 

S. A. Walker 

Year  Book  Medical 
Publishers  Inc. , 
Chicago,  1962 

18.  Medical  Mycology 
(2nd  Ed.) 

O.W. Emmons , 
H.B.  Chapman 
& P.U.John 

Lea  & Febiger, 
Philadelphia, 

1970 

19.  The  Year  Book  of 
Dermatology 

F.D.Malkinson 
R.W.  Pearson 

Year  Book  Publi- 
shers, Chicago, 
1972 

20.  Text  Book  of 

Dermatology  Vol. I 
( 2nd  Ed. ) 

A.Roo,  D.S. 
Wilkinson  & 

F.J.G.E. 

Bling 

Blackwell  Scienti- 
fic Publishers, 
Oxford,  London, 
1972 

21.  ,,  Vol. II 

» > 

» » 

22.  Fundamentals  of 
Mycology 

J.H. Burnett 

Edward  Arnold 
Publishers  Ltd.  , 
Burnett,  London 

1968. 


141 


1 


EQUIPMENTS  OBTAIiJED 

1.  Shimadzu  UV-Vis  double  beam  spectrophotometer 
Shimadzu,  Japan. 

2.  French  Pressure  Cell,  American  Instruments  Co,, 

U,  S, A, 

5.  Titanium  50  rotor  for  ultracentrifuge,  Beckman, 

U.S. A. 

4.  MINIRAG  Fraction  Collector,  LKB  Products,  Sweden. 

5.  Binocular  Research  Microscope,  Meopta,  Model  3N  816, 
Czechoslovakia, 

6.  Acrylamide  gel  electrophoresis  apparatus,  Toshinwal, 
India. 

7.  Waring  Blendor,  Arthur  H,  Thomas  Go.,  U.S, A, 

8.  Kelvinator  Refrigerators  (two  numbers), Spencer  and 
Co,  Ltd.  , India. 

9.  Kelvinator  Deepfreozer,  India, 

10.  All  glass  distillation  set,  NPL,  India. 

11.  pH  meter  PP  1040  type,  PHILIPS,  India. 

12.  Rotary  Shaker,  Model  53,  Emenvee  Engineers,  India. 

13.  UV- inoculation  chamber. 


142 


S.  ACKNOWLEDGEMENTS 

We  take  great  pleasure  in  recording  here  our 
1 sincere  thanks  to: 

I 

The  office  of  Naval  Research,  V/ashington,  D,C,  , 
USA  and  the  Government  of  India  for  granting  this 
project! 

Dr,  Arthur  J.  Emery,  Jr,  Programme  Director, 
Microbiology,  ONR  for  his  keen  interest  and  encourage- 
ment; 

Prof,  3,  Dhawan,  Director,  Indian  Institute  of 
Science,  Bangalore  for  kind  permission  to  undertaike 
this  project  in  the  Institute; 

Prof,  T,  Ramakrishnan,  Chairman  of  MCBL  for  his 
constant  encouragement; 

Dr,  N,  Krishna  Murthy,  Head  of  the  department  of 
Dermato-Venereology,  Medical  College,  Bellary  for  his 
helpful  collaboration  in  clinical  studies; 

* m/s,  Ethnor  limited,  Bombay,  India  and  Janssen 

Pharmaceutica,  Belgium  for  the  generous  supply  of 
miconazole; 

Supporting  staff  for  their  efficient  services; 

^ and  finally  Research  fellows,  whose  devotion, 

, perseverance  and  fruitful  participation  made  this 

programme  successful. 

I 

I 

Dr.  G.  Ramananda  Rao 
Prof.  M.  Sirsi 
(Principal  Investigators). 

I 


